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Abstract: In this paper, Ti, AINb alloy samples fabricated by selective electron beam melting (SEBM) technology were
treated with different heat treatment systems. The microstructure and phase composition of heat-treated samples were ana-
lyzed, the microhardness, tensile properties at room temperature and 650 °C and fracture morphology of the samples were e-
valuated. The results indicate that the microstructure of the heat-treated samples is mainly composed of B2 matrix phase,

lath-like primary O/, phase with large grain size and fine

KR HE . 2022-03-29 fEEBH: 2022-07-11 secondary needle O phase. Ti,AINb alloy samples after
EeTH. HFEHELHEITRITE (2021YFB3700500) ; BeFis 950 °C solution treatment and 700 °C aging treatment ex-
B F AL T (20192d2x01-04-03) ; 615 T 1k 5 H hibit more needle-like O phase and «, phase. The lath O/

o2 5 HE 4T H (614220220200202) «, phase of samples after 800 °C aging treatment is coars-
ened to some extent. The heat-treated samples exhibit a mi-

— 2 i =
:%\ R Fol, L, 1990 4L, LRI crohardness of 3190 ~ 3210 MPa. After aging treatment at
BHRAEE: BT, J5, 1980 ARk, HURME I TN, 700 °C, the samples show a higher ultimate tensile strength

bW, Email: hewil26@ 126. com of (1068+12.22) MPa and (843+39.72) MPa at room
DOI; 10.7502/j. issn. 1674-3962. 202203024 temperature and 650 °C respectively. After aging treatment
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at 800 °C, the samples show better tensile elongation of (7.30+0.58)% and (8.50+0.50)% at room temperature and

650 °C respectively. After aging treatment at 700 °C, the tensile fracture of the samples at room temperature exists cracks

with large size. From the tensile fracture of samples after aging treatment at 800 °C, no crack is found. Tensile fracture at

high temperature shows a large number of dimples, exhibiting ductile fracture characteristics.
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Ti, AINb &4 BA 1 5 1Y % R0 L2356 1 PR e,
PSR TRk G &R iR A 4, BN TrReit T H
b Ti-Al BG4, R0 A K S LR T i 45 A A
D AR CAT R A, SRR R ORI
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I HAR R s LR | B sl ik 45 05 A R 4 64 0 H
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I —RRIE | ROARAR . TR S5 R R R A SY
i, HEFXT Ti, AIND &4 193G A 8 B 55 JAR R 4570
A PR IE b 32 2R HIHOE K AL U (laser melting deposi-
tion, LMD) "™ I 2 X 45 1L ( selective laser melting,
SLM) 7 BRI AA G AR 3 PR AR () B e VR R L
o, WOCHIREMBNAATENIMNE, R BOER S, W)
TR RS, ARMEREE A B B8 & AT AR SR R T4
MLLLZ T, HF A% XIS (selective electron beam melt-
ing, SEBM) A HAMIEHCAR S BUB R Ik, B2 T
Ve, AR ER SR R B B T y-TiAl
Hrat o R R, R AR E T Ti, AIND A 4 UE
HOHEAS i ISR

VR A BRI H, 7 SR 32 DI A0 OB H AR 1l 45 1 14
QU | JF TR R AFIY T, AIND & 4R FE, K BLH T

I X A5 A BUE Ti, AIND £ 4 20 8 PEREXT & Fr & 1
P R R R R A IFSE R, Ti,AIND &4
AR, PAE =AY, XA R, RFL 4L
FBIESHI G4 e a R m, Wik, WA
FERRAL B L A DX fb RO Ti, AIND 65 4 1 S A 21 41
5952 M R B L E K, Nk, AR LLA X
JAT R Ti-22A1-25Nb (6 4 A BFSEXT 4, 38 3 BiF 55 Ak
BT 206 L R X AL AU Ti-22A1-25Nb A 4 B il 41
SUMJ 2R BRI 52 MR, 3G B4 ) 3 Ti-22A1-25Nb & 41
TR RS

2 % I

2.1 LIBHH

FL B X TR BUE 2R FH AR 55 A il T 25 i 25 1 44
SO A Ti-22A1-25Nb (JEF B 80 MG S MR, b
BTN 1, Hob o & i (iS40 o 0.038%),
C, HFI N &8558 0.015%, 0.0007%#1<0. 003% .

H, o X AR 8 E ) Ti-22A1-25ND 4 4 5 7K 114 6L
24 53 ~150 wm, /NF 106 wm BYR K B & 5 KT
80% , MyARMAVRAEIESAIE 1a fias, FTLLE H KRS
WA EERTE , BEAM A FE A /D 1 5 AN H0 0T R A oK 0 T
BBy By eR#OE B (B 1b) Bon kR & A D s
¥y, FLBIEAE<10 pum,

£ 1 Ti-22A1-25Nb B &M ERUFER S

Table 1 Chemical composition of the Ti-22Al-25Nb powder ( w/%)
Elements Al Fe Nb O C H N
Content 11.24 0. 06 43.80 0.038 0.015 0. 0007 <0.003

Bl 1 Ti-22A1-25Nb By AR RETEAL SEM A (a) AR ETEAR OM 1]
Ji(b)
Fig. 1 SEM image of the surface morphology (a) and OM image of the

g.

cross section morphology (b) of Ti-22A1-25Nb powder

2.2 XWHE

R AVE L FEEIGI B AR AR A BR AR S2 AU F A%
X AE AL IE 1% % BB Ti, AIND 3806, BUE BiRF AR
THAZE 950~ 1050 °C, TENIEEAR FAHRIZIE t=0. 05 mm
IR AS, Xl A R AT TR S o XAk, R A
TR KIS S E 2 R, SO R R AR iR
FEARAL AN 2a s . BOB R b R G T 2 23400
IR R U=60 kV, JEILHETE 1=12.5 mA, JEILHE
v=3.5m s, MEERMEA=0.1 mm, &FBARIRAERN G
. SRS SNE, SHARE T IS F I (hot isostatic
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pressure, HIP)ALFH (1030 °C . 150 MPa, 4 h), JUAZSA
HIP ZS AR Y 3 Y 3 T 5. 42 g -om ™, SHAFESEFT
AR TR AL PR (heat treatment, HT), {E: HT T.7;
HAEWE 2b iR, S1, 82, S3 ilAEA R ARl (# HT
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Fig. 2 Substrate temperature profiles (a), density of samples (inset of
Fig. 2a) and heat treatment processes of the samples (b) during

the fabrication of Ti, AINb samples by SEBM

B Ti-22A1-25Nb & 4 HL - Uk DX 1k BUE K Ak 21
IR OIS, IR I T B | Ok, IR HE
+HNO,+H,0 {RA R (AR 1:3:7) B, RA4
AR (OM, Axio Vert A1) Fl4T3 o 7 i 48 ( SEM,
JSM-6460) MLEL LA T N 9 S i 25 dEad X S8
MY (XRD, Bruker D8 Advance) A7 34T, 1L 2%
RS Ca L, RTHHIEREIHA 30°~90°, K 0.020, &
0.5 55 >R SLARE FE AL (MVS-1000IMT2 ) 230 FE 114
WAARERE , AT 200 g, SNERATE] 10 s; FERLHIRERHL
(INSTRON 5982) | #E4T Ti-22A1-25Nb #uib B L 1Y 25 1R
Pk, 7EmiRh sl (ETM105D) F#1T 650 C
PR . R SEM W% & JRLRT = TR 4 B 1 T30

3 &RSiTH

31 A&BEREAR

J T AR RS A B ST X L, T A
FREY Ti-22A1-25Nb A4 R R U RS 3URE B 8 f 4 4Lt
375007 T T A AR Ui Jr ], DOBLAS Ti-
22A1-25Nb & &I T A W AH LA 3 fiaR, ATRUE
TR A 2 2 R B2 A . RGTER SR 4=
0/, FAFIAH/IN R A EER O AL, FR T oR e IX AL ik,
T 1 A DR [ 004 B R K 107~ 10° K -7
1% B2 MITE R NAFLAORER 5 P b 72 v il o Tk ol i
W PRIREE AERE7E 900 °C LA I, [RIA B B A A2 31
JEALZ IR R, 28 52 A ) [B] A S JA b B i i
T O KA o, AHEHTH

3 PUBUE Ti-22A1-25Nb AR SEM B A
Fig. 3 Longitudinal SEM image of the as-built Ti-22A1-25Nb alloy

4 BAFHACBHAEER OM & SEM FEF . S1ikAE
T IR EE 950 CHL T a,+8/B2+0 =AHIX, SN O
AHIE W AR B2 A o, AH, (HJEH T EEERE WL, O
IR GERTEM, MR O/, HBAETE, TEVR K
TR AT AR o, AN O M, o, M EEIE B2/B H
f b BT, 1T O AR 3N B2/8 AHAY R PI AT H (& 4a Al
4b) . 1F a,+8/B2+0 = HH X [, 80T B 1k [ 18 B i
1o UG SRR A B R AR TR T A AR AR Bl ) AR
RG0% . A TR AN/NE ST O FHALEY, B Ak Ak B 6 ¢
TE 700 F1 800 C#EAT, S2 iFETE 700 CHFRL 20 h, Bi%
HANE 4c F1 4d Fizs, FEALE B2 JLMAAH, IR
R BRI O/, AL BG4
AR O AR, 3% F22E K R B ROR BE 67 T B/B2+0 PIAHIX,
TRANERIR O A B2/B AR, RSF4I/, O
S EEARR B, FE, MEZ TERZH o M7
A, SRS TR, S3 IRFERSUERE N 800 C, &
TN IE 4e 1 4F FF s, RFEE S2 RBERT LAER Y, I3
TEE 700 #2755 % 800 C &, #IZEM % O/, FHEGHLK,



502 Hh AR

BEE I ROR R T, 5 S2 RERAELL, TRy O A
AL RO W ORLAL 650 100 I A0 2 S 20 U R
BETIRE Ty BANRBE, UMY O AECE ] R
o, FHEVECRAT /b, B2 A 2, IR I Ak 2
T, Ak B AR v A O R A R,
800 CHFRARKENL T B/B2+0—>a, +8/B2+0 HIZE mLfHL ]
REC AL T AL

[ 4 R[FEPAEBEZS Ti-22A1-25Nb 1AL AY OM A1 SEM # . (a,
b) S1, (¢, d) S2, (e, f) S3

Fig.4 OM and SEM images of Ti-22A1-25Nb samples in different heat

treatments: (a, b) S1, (¢, d) S2, (e, f) S3

3.2 AEYHEARK

S A HL PSR BE X A BE Ti-22A1-25Nb & 4 AN [
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., 5 S2 AL, S3 O M EISFRAL, o TSR
ik, B2 MI&&ETHR, 5RMALITEER—8 M XRD
frgt RS R v LOW SR R, M4 T S1 B, it s
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Fig. 5 XRD patterns of Ti-22A1-25Nb samples in different heat treatments

3.3 £&EE

&1 6 SR AN [RIFAAD B 1) b Sl B S5 58, T LA
Hi, 950 °C [ R B B AR Bk (3279. 6+ 116. 2) MPa,
M [T AL BB+ Fof 358 A PR RO A B, 700 1 800 °C 7%
oI P 204 Ak B S U 1 A 3 A 3190 ~ 3210 MPa, fifi i
{HHEER . HL S DX AL BT o B2 T DAAS 0 350 M R 47
RUIRRE, PR JC o] ULAY R Sk, BB E R
TS B2 B | R RO R iR k904 0/, #H
AL/ N R AEEIR O MHALAL, B AN R AL BRG] BE R ASTR]
A LA AN TR], (R HRE B 22 R K
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Fig. 6  Microhardness of Ti-22A1-25Nb samples in different heat treat-

ments

3.4 AENFIEEE

&1 7 RS2 F S3 AR 2 R 650 CHLAf R 7 -1 A
Mk, 5, S2 ik = IR P AP hias By (1068+
12.22) MPa, $EfHZE4(3.60+0.50) %, 1M S3 HEEZ L
A B B3R BE R (979 +£5.51) MPa, JEffi 3 (7.30+
0.58)%, WU, 25800 °C A& A PGS 1Y Ti-22A1-25Nb &
SRR T 89~129 MPa, FRFZ 8.3% ~13.6%, T4k
MR AR =T 50% . S2 ikE 650 C R A HL I8 B N
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(843+39.72) MPa, FEfH3H(4.75+0.35)%; i S3 ik
FE 650 °C P58 K (740+5.57) MPa, FiEffi 5N
(8.50+0.50) %, 5525 i o B 55 98 AR AL B —
F, SR 800 °C i &% 4k B R Ti-22A1-25Nb 4 4 5% B [
i, AR EE . 700 °C ik Ak B S IRRE 58 3 5 A
DA 2 B 45T R M A R SE AN ETIR O AR 21 114 5t
PR, 700 °C B2 Ak B R ) 22E {1 556 1) f IR, 3 m
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/NI AR O AHZR 2 BRSNS 4E b, WL a0l A 1
PR WAL, o, AHTE R EEAT, 5 Al 2 S TR
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%, RO A S BIE, 0/a, FMR AN PR WA
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Sof LY B A B A ) i Ti-22A1-25Nb AH 56 SCHk DL & B s
Ti-22A1-25Nb #H5C 3K, RAMIEHAEI T 2T Ti-22A1-
25Nb & & W= 1R 5w iR P PERE B a2 2 Frn. M
T2 LIFE M, AR H o o DX A O il 4 1
Ti-22A1-25Nb A& il ke, LA Bl s, SHE0tE i
TR AR 2 R A b, 7 5 B 5 90 Pk Jr T B 2L A 5
71, SO XA T B R A G R A [, SR EE AR
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Fig. 7 Tensile stress-strain curves of S2 and S3 samples at room temperature (a) and 650 °C (b)

£2 AREAFEHEH Ti-22A1-25Nb & HAMER N F 48k
Table 2 Mechanical properties of Ti-22AI-25Nb alloy prepared by different methods after heat treatment

Method Heat Treating Temperature UTS/MPa EL/% References
RT 1068+12. 22 3.60+0. 50
950 °C/2 h/WC+700 °C/20 h/AC
650 C 843+39.72 4.75+0.35
SEBM This work
950 °C/2 h/WC+800 °C/20 h/AC RT 979+5.51 7.30+0. 58
650 C 740+£5. 57 8.50+0. 50
930 C/2 h/AC+800 °C/24 h/AC RT 1017+3. 4 6.00+0.71
LMD (8]
960 C/2 h/AC+800 “C/24 h/AC RT 963+8. 07 3.00+1.12
LMD 960 C/3 h/0Q+800 °C/24 h/AC RT 1012 1.8 [5]
RT 1257.49 1.40
950 C/1 h/WC+700 C/6 h/FC
650 C 748.75 1.63
SLM [14]
RT 924.79 3.54
950 C/1 h/WC+830 C/6 h/FC
650 C 610.73 10. 02
RT 1060 15
Wrought 960 C/0.5 h/70C+800 C/24 h/AC [22]
650 C 825 16.0

Note: RT-room temperature, WC-water cooling, AC-air cooling, OQ-oil quenching,

FC-furnace cooling, OC-oil cooling.
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FLEIE A A R BBE A R RE , Bl 2 A R AR 7
RAFAER 20N B s ) B d SobL R i s e, B4 44
T B/ it PR P [ ) R A R T AN U T
B2 o T A X A A 950 ~ 1050 C 19 BB 1R 5 R 14
B2 FHARRLK KA T 4508, Sm TR Q) Frif
FHRGF 2R, ZRGAA LU, Pk H 5 1)
N A RG22 e K, s ma iRk 2k, de
FOIAMERR M IR R 22—, T ER S A 4053 A7 WA X 5 A 3
5y @ o, MR R, WP FEERE o, H, IR
I O+B2 BIAHG 42, o, AH SRS 1 K 25 HES O 45
W, WBREAD, MMEMEM, bER2E, SR, MHHET
SRR A W, R XA AL UE Ti-22A1-25Nb
B A S IR IR T 2R P RN A 5 A G 3 7 A s
S H AL AL i v A, R R TE g i
S L P 7Y T, AIND 54 i i v 7k
3.5 H&WOFIR

&1 8 S S2 Fl S3 i EE [ = IR AN 650 °C F At i) Iy 117
£ SEM M Anf& 8a sk, 700 °C IR AL B AYIRAE 25 IR
PLARWT AR, A RRGHRS, X E2 S B
LU KB ERIR O MHAGEYE o, VTG, MUK Y)
FEERIR O RS0 Bt o, AHAR = R RELZL IR - rp
AT LUE A EHIRAL U R17% 8 BIR T (1l 8b) . 800 °C
AR R 2 TR BT 1 A LR B 8L (] e ),
{RRT AR B 55 22 RO LR AR 450K 0/, #H, BRZRAR O
LT o, HIRANE (E 8F) , AR FE&mn 14T, [H
PR A 422 A ) 00 1) 24 80 A T g, 700 °C i)
SRR BHIRFE G 650 °C Fir A Ik 11 P B A B 5, s A
T BRI SR 3 T 224 2 ) ) e BT (P 8¢ AT 8dD)
VLI RN S TF sh #2408 T oK sh 11, &4 begse,; 7
W7 A YT AL ] B B N IR S (18] 8d) , X
e T BB A1) — KR, 800 °C B 2L &b 3 3 K 1
650 CHLMWT DM B K mflws, SPHER (& 8g M
8h), 5% 1 AT A S A XTI

4 & #

(1) B FoRE K AL B Ti, AIND &4 2 #Ub H 5
WAL B2 JERAH SR RGT R AR SR W 2E O/,
AEAIA/ N AE £ O AL ARG, FEZE 700 °C I RL#AAL
FERMT G A0ERIR O B E 2, RESTAI/N, o, AHEK
WMZ; 24 800 C IR S AR 0/, AR T
FEAE—E AL S . XRD YA 20 B 45 1 5 il 41
Mr—3%,

(2) 950 °C [& ¥ B 2030 FF W i B o (3279.6 +
116.2) MPa, W& T 700 F1 800 °C i M il il B I 5 4k 30

"mmw%‘

: Ne@dle (@]

Dimple

K8 S2(a~d)Hl S3(e~h) ke RHLAH A BT OJE S SEM MR J .
(a, b, e, %M, (c, d, g, h)650 °C

Fig. 8 SEM images of the fracture surface of the S2 (a~d) and S3 (e

~h) samples tested at different temperature: (a, b, e, f)

room temperature, (c, d, g, h) 650 C

JE AR AT (3190~ 3210 MPa) ,

(3) 950 °C [&%5+700 °C B &AL HR 5 1) HL F SR 32 X
YEfb B Ti-22A1-25Nb & 4, = iR b Bt $r o B R
(1068+12.22) MPa, FEff5 ) (3.60+0.50)%; 800 C
IR A B S 5 5 [ 3 (979+5. 51) MPa, R4
F(7.30+0.58) %, 700 °C & ib Bk 650 °C i
470 F7 38 B (843 £39.72) MPa, ZE {3 K (4.75+
0.35)%; 800 °C i &% J B 7 5 B [ 25 ( 740+ 5. 57) MPa,
FERAE = F] (8. 50+0.50) %, K BT £k O A 4121
H O SRR ST /N2 700 °C I 2504 35 5 45 2 i SR IR
MO A o, AHG R/, B2 &R ZE, LI EOR
0/, FIRSTHE K I 800 °C if 250 ik B i 98 1 45 g 1 32 22
JRA

(4) 700 °C B AL PR ARE 2 R AL T AR AE R KR
PG, SEZA/NERIR O MR T 1 R 4 s
YIAHSE, 0 = 0 P 07 10 847 6 fogp B/ N v A /0 i
s, SEEBEWT SRR 800 °C A% Ab B KR IR L A
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