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Fig.3 Typical microstructures of SLMed Ti-5553 alloy”: (a) OM image of melt pool and grain boundaries along the building direction;

(b) EBSD IPF map of the grain structure; (c) SEM image of cellular/cellular-dendritic; (d) pole figures
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Fig.4 Grain boundary structures of SLMed Ti-55531 alloy®": (a) EBSD IPF map along the building direction; (b) EBSD grain boundary map
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HLABIE MK 75% LA o SLM BRI R b 72 AR B FLB
BN S8 A E ST Z M EEFE K . Leuders
SRR H R R LB 2 R e LR 5T 9 1 R R
N7 B H 57 Ay R FE . R, R T )
S0P RRE ) JE % 55 PR Re = AR B RO . I S AR B R
THBRGRIE P A AL HRE TR AR BT B R R4k, g
% 35 1) 20 R R 57 MERE I B 0. SR, B ARt
SLM S i K 9% 57 P Re AT 7T 10 AR H 2D, FLA00
L ZURFIE X 57 P B 1R 5 ) v AN BR A, 32 51 SLMSUE 5
SREK G 498 5 1 BB SR FLR 57 A LB SR it ST A
KT A A AT AE

3 MAEBTZRML
TSR IS Hh 4 G801 i Bk 2 o 20 A L 1

HIARMNA Y T2 )5 , 2 80 it b 3 5m il ok iA
I fry 588 A = I ) B DU D, DA A R AR A M e
Ko DRI, 3 A5 1) o BT H AR T 30 A2 AR 3 B R A R A
G SR 2 OCH EO ), AR, FTENAS B SLM BJE &
FRER A TP = a AT H SRR DR 7 Ak B
PO ZH 2B A A, 17 HL i T SLM L2 v & 2% 1M 2 10
PAFIE T 3 B TIOM L AN S VA 2538 R 1 77 51
RE R IRAL , Whowh 20 o J5 22 FA A B R $2 =y SLM O A1
KI5 R o AL, B N ) TR 42 ) 5V B ok E 2 G A
i) 3 A T A B, AR HE ) ) — AN B B AL 3R R
W53 B SLM it #2 AR RIAR AR N /. WEE 1 Fis, SLM
T e SRR A i i A BE R A AR 45 o AHARRAIE
DA SR A Bt B 1 5% 28 14 T IC , L IR 548 B (yield strength,
YS) , iz 38 FF (ultimate tensile strength, UTS) PA K ZE i
# (elongation, EL) 413 1 iR , AC /R 1% , FC KR b
%, WQ IR K I

KEWHFRW, AR L 1 b 3 AT DU idE
S 1 s et R b YN TR A [ K TR AR 2 s s I O S
T ST RE BRI 25 R, B ]V AL R BB A8 A B i biL R A P 45

R1 SLM B S585K 6 S AR ERVRI R &E
Table 1 Tensile properties of high-strength titanium alloys manufactured by SLM after heat treatment

Material Heat treatment YS/MPa UTS/MPa EL/% Ref.
Ti-5553
1000 °C/10 min/WQ 780 780 24 [27]
(T,~845 °C)
880 °C/1.5 h/AC+600 °C/6 h/AC (horizontal) - 1430+12.5 -
880 °C/1.5 /AC+600 °C/6 h/AC (vertical) - 141249.1 -
Ti-55531 880 °C/1.5 /1.5 °C min™+750 °C/1.5 W/AC+600 °C/6 h/AC (horizontal)  1278+5.6  1338+10.8  4.1+1.1
0 [34]
(T,~849 °C) 880 °C/1.5 W/1.5 °C-min"'+750 °C/1.5 h/AC+600 °C/6 W/AC (vertical)  1267+2.8  1329+6.2  4.5+0.2
790 °C/1.5 /AC+600 °C/6 h/AC (horizontal) 1274463 1255£10.3  8.2+1.5
790 °C/1.5 h/AC+600 °C/6 h/AC (vertical) 1234+4.7  1180+8.6  10.5+2.4
Ti-55511 830 °C/1.5 h/AC+600 °C/6 h/AC 11954103 1245499  7.840.5
. [52]
(T,=870 °C) 900 °C/1.5 h/1.0 °C-min'+600 °C/6 h/FC 129548.7  1320+7.5  5.5+0.1
B-21S _
850 °C/30 min/AC+538 °C/8 h/AC 128146.0  1348+4.0  6.5+1.0  [55]
(T,~805 °C)
800 °C/3 h/WQ+500 °C/4 h/WQ - 1614+15.38  3.77+0.95
800 °C/3 h/WQ+600 °C/0.5 h/WQ - 1486+19.21  6.54+0.82
Ti-5553 800 °C/3 h/WQ+600 °C/1 h/'WQ - 1413+15.85 10.72+1.17
. [47]
(T,=860 °C) 800 °C/3 h/WQ+600 °C/2 h/'WQ - 1360+13.53 11.20+3.35
800 °C/3 h/WQ+600 °C/4 h/WQ - 131442732 11.49+6.18
800 °C/3 h/WQ+700 °C/4 h/'WQ - 1028+10.16 23.19+4.15
650 °C/2 h/'WQ 1338+18.3  1410+20.1  4.3+0.6
Ti-55511 750 °C/2 h/'WQ 11214105  1143+11.9  82+0.7  [53]
750 °C/2 h/WQ+600 °C/2 h/WQ 1235494  1264+18.7  9.3+0.7
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B, QiR Y B ] VA AL B AR rP IR & 1) SR S 5
fE'ﬁf“%Eﬁ% EA %, T e N AR i B 5 A R R
SLM & JE Ti-55511 & &K b &5 K& LAGBs Al
1 KAM E , O 4 2340 F = B AR g BERES . IR Bk
b RLPE AL B FE Hp AN AR 8 , 55 T LAGBs 1 HES1, 45
mm AL Je i 4 i PR A R A TE N R RE IR IKED T
H R IZ R

Qi 10a~10b, 283t B AH X [ b BRI 3F 1 Ti-55531
G G PR T SRR AR, AR LSS R AT LR Y I
G A G B A S 1) S T LZBSAS TR pAH X S
Hj‘xﬁz SLM H(J¥ Ti-55531 & 4 WAz B 4H 2R Bk p i A%

A2, W 10d BTz , B34 I BT HE R E QKRS0 N a Al
X ST B R BE S (UTS>1400 MPa) , 1 B & S kb 43 Hi
WIELE 0 J2, AL LT R 0. 4 BIR KLV X E I
R, Ti-55531 & 4 RIS ALK o) Fr 2 MG/ o A TR
FEAL, W 10e Fiow , AR RE R o /R AL RE
BEEES MY . Bai 08T £3E Kk 28 A I %ot
SLM M ¥ Ti-55511 & 4 AT AL B IR KL X 2 4
S, B R R T H B T o, A AE USRS 1S L
FANTELE: o HEURFAE , AT LLIRTS — 52 I ZE 1

1E o+ FA X [ ¥ i 20U » SLM R Ti-55531 & 4
WA B LR AR g BAT B AR o AHFIETIR o AH X3S 2
2L MNE 10f TR o agy NIELE AT, Ry R AT R 16
B, B RIF R SR PEIURS , 5408 Ti-55531 & 44
P REAR 25, T ELHE H A2, W 10c FTos AR T B %
AR FE R TR A AL HE , BT IR SR G B Sk T S 15 LUAR

FF 5 WCTE I R 7K T R0 3 B R m) R 2 T 7 R 25 1) S
WARTEAERY . Cao Z5EU%F SLM i JE Ti-55531 & 4 4 kb
HUR I, A H A R WA L A I B %, X
T K 9 85 i o, AR EE )2 o AR BA S A FO) R R AR T i
AT AT RS TR T BRI A B, AT 55 Tk R A e Al
ARG E . B R ER 5 3 50 3 o 2 B S b B
FErh a M & B IEA K, T a MRS & B3 R
RS 4K ¥ M . Ramachandiran 25 “7i% B SLM R JE
Ti-5553 & 4 £ 800 °C [ % 4k ¥ J5 £ 500~700 °C I 2%
0.5~4 h, BF 7 B 250U 2 AR R 285 B [ 5% 2L 23 s A0 R 7 2 1
Re sz, A AR AE A B 11 Brs . 7E 600 C I 2%
E’a‘%;ﬁﬁv_ﬁ@a&ﬁ% i o RS D S, T IR o AH B T
AR ERARRIES, R 1 AT UG % 45 T i
R Bt BT A8 () 22 S 0K o Bl BN 2800 P T v 5 R o R AR
KARME TS RIIRS) ST, RIS BAR T o AT AZ R
1% o FRSHAE BTN, 700 °C i %% & 4 50 B AR T B A
e 5 (B
EE%SLMEBW o b TR R [ R AR S SR
A7 1 2 A A S5 U 25 40 DA SR K R R I N T
ﬁ%kmn&ﬂ%ﬁ%ﬂh&ﬁ%&ﬁ SLM J% % & 8 5K &
G G R BOE FEH R E TEAZ R M 2 R T a
HTEAZ , 13 o, B BB H RS EER b 2 5
TRAE ORL I RS FITE SRAR T T-4T EDAS 284 A K, T BT
o FHRKEB M B SR PIBT HE 5 B T 5 5 s o 22 3l i oK B
R R I LA & AL R, SO P . FLBE R 2L
WP T o SRR A B PR HURSH K. 7E Zhang

BI10 SLM Y Ti-55531 & G AR ELS B AL OM il SEM 25 K 4 ZURFAE
Fig.10 OM (a—c) and SEM (d—f) morphologies and microstructural characteristics of £ grain of SLMed Ti-55531 alloy after heat treatment”*:

(a, d) solution in f phase region and aging; (b, e) beta annealing followed by slow cooling and double aging; (c, f) solution in a+/ phase

region and aging
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SR ST Ti-55511 & 424 750 “C+600 C XU 245
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St o AT SRR S TS [ B A0 R R A i
W RGBT . A BT AT NS, &0 b B )5
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BV w5 ER A 4 i B X[ A 3G B TV R B AR
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LI AL B BRE i AT AR AR a A (H B T A
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A R IRG AR E ) o i ZHL L TE—ERE -
A 7 i R AF RS 3 2 B iy L0k o T N H T AR B
FIRAE ORI 5550 o, F+ KRB o FH 2 2 B i
BR A 4 R A ZURRAE , A0 Ti-1023 5 Ti-5553 & 4. il

[47]

X[ 5 B 2850 T B ATD R A B i FH IR IR 4% SLML G e 5 K
BEMPAEIE T2, Bt RAF AL T 1 5m B LA .

I 5 SR B RE A BOH BRI AR N T AR,
DLk 21 e K {95 57 M BE (1 H (1 Shaha Z5P014 SLM Ak
& Ti-55511 & 4 LA 10 °C/min [ 38 5 2218 715 2 850 °C,
TRIR 4 h G BRI A A, A B R iR RN BB TR, 59T
PSR AR L 43 B 1 PR A 62%~91% . 1E B S3 3R 1R M
800 MPa [1) 5¢ 4= 2 i (R=—1) N 773 il MR 2248 R, $TED
A URE 1998 55 77 i JA B 2400 530, # b 3R 1% 57 7
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IR PR, SRS T K 57 5 . Yasin S5 7L
THFE T E 2 8% # Ti-5553 Fl Ti-55511 & & 1
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Research Status and Prospects of High-Strength Titanium Alloys Fabricated by Selective
Laser Melting

Ma Yinfan', Fan Jiangkun'**, Tang Luyao', Zhai Haoyu', Zhang Zhixin’, Chen Biao'*’, Wang Jun"**, Tang Bin"*’,
Kou Hongchao'*?, Li Jinshan'**
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’ an 710072, China)
(2. National & Local Joint Engineering Research Center for Precision Thermoforming Technology of Advanced
Metal Materials, Xi’ an 710072, China)
(3. Chongging Innovation Center, Northwestern Polytechnical University, Chongqing 401135, China)

Abstract: High-strength titanium alloys, represented by near/metastable f titanium alloys, have high specific strength, good plastic processing
properties, and excellent hardenability, and they can be strengthened through heat treatment to get a better match of strength-plasticity-toughness.
They have been widely used in load-bearing components of major equipment in aerospace and other fields. Selective laser melting (SLM), as an
important technique in the field of titanium alloy additive manufacturing, has significant advantages such as near-net shaping and integrated
forming of complex structures. So it has become a key development technique and cutting-edge direction in the aerospace manufacturing field.
This review focuses on the principle and characteristics of SLM, starting from the extremely high heating/cooling rate and unique thermal cycle
history of SLMed high-strength titanium alloy, and primarily discusses the microstructural features, phase composition, and mechanical properties
of high-strength titanium alloys. The types of heat treatment processes of SLMed high-strength titanium alloy and their main influencing rules are
summarized, aiming to provide a reference for obtaining excellent mechanical property match. Finally, drawing upon an analysis of existing
research outcomes, the challenges of SLMed high-strength titanium alloys are summarized. It also offers a forward-looking perspective on
potential research directions in this field.
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