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Abstract: The effects of heat treatment on the microstructure and mechanical properties of Ti-6Al-4V alloy fabri-
cated by electron beam melting were investigated. The results indicate that the EBM Ti-6 Al-4V alloy mainly con-
sists of o phase and small amount of g phase after heat treatment at 800~950 C for 40 min. The volume fraction
of B phase is hardly affected by the annealing temperature. The « lamella is coarsened with the increase of heat
treatment temperature, resulting in the decrease of strength and increase of plasticity of EBM Ti-6Al-4V alloy.
The residual stress is reduced and the plasticity of the material is improved, leading to the enhanced fracture
toughness and fatigue properties. Mechanical properties of EBM Ti-6 Al-4V alloy can be improved by heat treat-
ment to achieve a balance between strength and plasticity.
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Tab.1 Chemical composition of Ti-6Al-4V ELI alloy powder %

wp
Al A% Fe C N H O Ti
6.41 3.95 0.19 0.014 0.008 8  0.003 6 0.078 4f&

FlH Arcam (A1) B HL 7 50 % X 4 1k 4 & %
(EBMD 5 45 1 3 B AT 18] (Z )5 mD il #% H B A2 10
mm AT, AL FE T2 LR 2. AR HE ASTM Hir {1 ik
5K A b B R AR A T Ay AR (LD 1)L #E In-
stron8872 H Jy 2 M RE X I AL L E AT, hi P F 0 0.5

mm/min, fE InstronE1000 | X} J5 46 2 DL K #ab 3 245
EBM #ill % Ti-6 AL-4V & 4 R 347 = 15 9% 57 i 5 DU
T W 2440 B 00, 4% 10 Hz, N J) bk 0.1,
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Fig.1 Dimension of tensile specimen
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Tab.2 Design of heat treatment process

WA EER PR BH R 4R NS IR O 5
ETRE JE/C ] /min  Jra E/c &) /h i
A 800 40 s — — —
B 850 40 VRl — — —
C 900 40 PIAREd — — —
D 950 40 PRl — — —
E 1050 40 LS — — —

PR B S 20 AR B RE IO L ik ] A 4 A
WA B R A HE + HNO; = H, O Rl 8 ¢
15 77 MR G W . 430 R A4 & 52 D8 Advance X
S LR AT S ASOR RRE 2R AT 0 R A 43 A7 5 2R FT DM2000X
T 4 AH I ok B L 5% IR R 41 U0 B R T TSM-6360LV
PG WAL, RA HMV-2T &3 68 B2 I &
ASCIN 5 L AR B Ik kA Oy 1 NG AREREHELY 10 s,

2 RKEERLE S

2.1 RIBITEISHAR

7 EBM il g i 2 AL B Ti-6 Al-4V & 4 1 BE A
AL R B A S PR UL o B IR
PRAR 0L 2. o B R Z AT AE ) )2 AR W
BAH. Xt T EBM il £ i) Ti-6 Al-AV ¥y, H 21 21 54
PERGHE VIS . B F 0 RO e/ R U o +8
R AR o B A AR A5 ZE T

(a) OM (b) SEM
A 2 EBM # & Ti-6Al-4V 44 OM #= SEM # %
Fig.2 OM and SEM morphologies of EBM
fabricated Ti-6Al-4V alloy
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26/
B3 REKA TH6AV 4 XRD 474 B i
Fig.3 XRD patterns of Ti-6Al-4V alloy in different states

(a) 800 C

(b) 850 C
B4 EBM# & Ti-6Al-4V &£ R F & ZER K 40 min BF# OM 2 AR
Fig.4 OM microstructure of EBM fabricated Ti-6Al-4V alloy annealed at different temperatures for 40 min

B AR B AR 43 BB AR KOIR FE R R Ak . R A3 B 4 2R
(101 R 5 (101) o WEAE 1 EU AR 22 B L AS [R] 3B IR B2 X
B FH A AR TR 3 BOP WA K
2.3 #AALIEXT EBM % Ti-6Al-4V § & HAK M
&4 FOE S 43 5 Dy A 5 SR B ] 3 B Ti-6 A4V
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. ATLAE M 800 CiBKE M A 4T, B DKk 5
RN o« B R RS 5FEE AL o DR JE
ZEARK., HoH —S R0 o )22 B AH R A7 AH
155 AR | 2 GO0 AR TR . B IR TR FE 800 €

() 900 C (d) 950 C

(a) 800 C (b) 850 C

() 900 C (d) 950 C

B 5 EBM#|& Ti-6Al-4V &4 R F & EE X 40 min & 4 SEM AR
Fig.5 SEM microstructure of EBM fabricated Ti-6 Al-4V alloy annealed at different temperatures for 40 min

TEE] 850 C o FJZJE BB, B ARE R 900 C
B GG HE T, 2 AR o« B2, EERE MR
TR PO B B A AE B R 1k B R B AR T R . R A
AR A 2R X e 2 AR Z B S R
PR A8 B R R o B2 E) SR BRI AT 22 22 2RIk . 24
B GREEM 900 CTHZE 950 CHF L FEFEIE B AH X 4
TEBR GG B bR R AS EH K )2 o FHELEL JRIG B Aok
A AL AT A B o AHZE LU 4 TR 5)

Bl 6 by Ha 1 SO0 M il i Y Ti6 A4V & & 7E B A
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(a) OM @2

(b) SEM 4147
B 6 EBM Ti-6Al4V &4k A RKAREE OM F=
SEM % f# 28 2%
Fig.6 OM and SEM microstructure of EBM fabricated
Ti-6 Al-4V alloy after holding in 8 phase zone
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Fig.7 Effect of annealing temperature on microhardness

of EBM fabricated Ti-6 Al-4V alloy
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Tab.3 Mechanical properties of Ti-6Al-4V alloy at room temperature

Fox f(%)

Kg=— 2" (2)
S BXW)

£4 BRNERRER

Tab.4 Results of fracture toughness test

R4S 31; :1]1;1 FFQ/ a/w (MP[;?;“)
G - E AT )5 M 20.06 39.95  1.08 0.5 90.7
JRA - BT M 20.04 39.99  1.16 0.5 90.5
G 1-FAT T )5 20.04 39.14  1.34  0.51 96.5
JEhE 2-EATIN T 20.04 39.14  1.22 0.51 99.5
PObFE - H AN T H R 20.08 39.19  1.26  0.51 102
Pgb P 2-T E N L7 20.00 39.23  1.43  0.51 91.8

EX:3 0.2/ MPa o1/MPa 8/ % &/ %
JEIRAS 1 060.0 1100.5 9.8 18.9
800 C 996.2 1057.2 11.6 31.4
850 C 985.1 1 048.4 12.4 34.6
900 C 974.6 1041.6 13.2 37.5
950 C 965.8 1032.8 14.0 41.0
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Fig.8 S-N curves of primary and heat-treated
smooth specimens of EBM fabricated Ti-6 Al-4V alloy
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