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Abstract: Owing to their multiple outstanding properties including high Young’s modulus, high specific strength, good
wear resistance and high temperature durability, Ti6Al4V-based composites had broad prospects in various high-end structur-
al application-fields such as aerospace, automotive manufacturing and petrochemical engineering. However, conventional
subtractive manufacturing methods for preparation of Ti6Al4V-based composites were unable to satisfy the requirement of
mass production, due to their common disadvantages including high energy consumption, low efficiency, complex processes,
low material utilization ratio and the requirement of cost-intensive post-treatments. In respect of this, additive manufacturing
(AM) technology with a series of merits including low energy consumption, high efficiency, high material utilization ratio
and the capability of near-net forming complex-shaped products, had obvious applicating advantage and important researching
value in the field of preparing Ti6Al4V-based composites. This paper reviewes the present additive manufacturing methods
for preparation of Ti6Al4V-based composites, including selective laser melting ( SLM ), laser directed energy deposition
(LDED), electron beam melting (EBM) , wire arc additive manufacturing (WAAM ) and electron beam freeform fabrication
(EBFF), summarizes their technical principles and advantages/disadvantages, appropriate processing parameters, micro-
scopic morphology characteristics and featuring mechanical properties of the Ti6Al4V-based composites containing in-situ

formed ceramic reinforcing phases, and outlooks the future
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development trends in the field of additive manufacturing
Ti6Al4V-based composites.
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Fig. 1  Methods, properties and applications of additive manufac-
tured Ti6Al4V-based composites
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Fig. 2 Schematic illustration of SLM working principle[m
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Fig. 3 Schematic illustration of the Ti6Al4V/TiB composites prepared by SLM method 2!
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Fig. 4 TEM images (a, b) and SEM image (c) of CNTs and TiC synergistically reinforced Ti6Al4V-based composites prepared by SLM; sche-

matic illustration of the strengthening mechanisms of CNTs and TiC synergistically reinforced Ti6Al4V-based composites (d
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REER , DRGSR R, 78 T HBRET . <4l FoR
A7 Fre [ s s AL AL A B FEIAE AT, Ut Ti6Al4V/TiB
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R E IR 280 850 CHVLILS , E AR
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Fig. 5 SEM images of Ti6Al4V/TiB composites prepared by SLMP) . overview (a), inner (b) and outer (c¢) surface of a typical molten pool

6 SLM il & Ti6AI4V/TiB & A FE 28 850 ©C/2 h HUbTHIS i) SEM JE A1), (a) HERIKIR, (b) EEETBICIR, (o) SMERH I X
Fig. 6 SEM images of Ti6Al4V/TiB composites prepared by SLM method after heat treated at 850 °C/2 ht¥) . overview (a), inner (b) and outer

(¢) surface of a typical molten pool
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AR T2 Aofs 52 AN B T KR X BRI, T A 1Y Ti6A14V
AT A PR BE R B 1 5 ) 2 M R BT, Liu B0
LI Ti6A14V-(0. 5~ 1. 5) %GO By A JFoRHH £ T Ti6Al4V/
(ALO,+TiC+Ti0,) B &Mk, Z5RFM, R GO 1Y

Iy iy

Bl 7 SLM 00 4 R HSEmOR 2 E Y (o) REHNERE, (b) &
SOEHESEN, (o) 25 DHUAFSENS  (d) rPAE [ A

Fig. 7 Schematic illustration of four scanning strategies of SLM meth-

odt¥7) . (a) line scanning strategy, (b) stripe scanning strategy,
(¢) hollow square scanning strategy, (d) chess board partition

scanning strategy
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SIASER TATED M R FLBR R, M JE R GO & &
0.5%M}, Friil4 Ti6Al4V/ (Al 0,+TiC+Ti0, ) & A #HkHY
i} Jg Pk B fe b, ELAEFE Fb Ti6A14V JEIK R 15.80% , It
A AR FLERRALH 0. 96%

1 85 4% ( graphene, GR) B A g AR 5®EE = A
PIPELF SR T5 (0 1288 . B GR 5 Ti6A14V FefAR 1 M hE
FERASS A 1S R REW 51 B 98 . Yan 251 R
SLM #:Hl Ti6A14V-0. 5% GR JFURH A, il 4 T Ti6A14V/
(GR+TIC) A MK, 258 KM, #4> GR 5 Ti6Al4V h
BROT R A B T 4/ TiC SokE, X2 TiC & hr
5% 4 GR ILFIE ISR A, $2m T Ti6Al4V ik H
SEVERE, MBATTHE L, TECAn A ERALT . 5B T AMIBRIL”

“ [N R AL 0 B A e B R AL A SR AL AL E@,\W’Eﬁﬁ
T, il 4 TioAl4V/ (GR+TIC) 5 AR BT RLR |
Jeth JIR 55 3 AN A% EG RS 0 )38 1526 MPa, 1517 MPa I
145 GPa, 5% A 5] J50RE G H 55 B 7 08 25 15 1 &
B Ti6Al4V/( GR+TiC) & & AR L, SLM & il & 1)

Puhr s g |
97% 1 26% ,

Pl Ti6Al4V-GO/GR A R kL, R FH SLM 74l 45 1
Ti6AI4V FEE G M ORHR AR B4 055 10 1 2 P g . 38 2 F%
AT ER A Ak b A e = 2 1y I B 6 B RS N 7, T DA 3K
$ETF TioAl4V FLG A MR J12EERE . AN, 5 Wbt
WAL, SLM YA FTED B 5 G b R R B B T 1

WIEIA BF5E, K SIM ik nl il & J12: e i 55
1) Ti6Al4V IEE SRR, ECdifmigfb” . “ & r it om
b7 B ARSRAL T AN [ SR AL T SRR AL ML A B [ 1
T, Ti6AldV BZ M B R | brhism g, mER
JEE RN B RE 55 ) S PR BRI W A T Ti6A14V FRAA i Xf
NEPERE, M, TS E UL R SR A SR D 2
FREFN & i S LR OF AN i — LR AL 34, RA
SLM il £ 1 Ti6A14V L5 AR RHIT H 2 1 m T2 80 0
#1,

Jth ke 58 2 R A7 BGOSR il 4R T 73%,

F 1 SIMEHI& TicA4V ESEAHBMERMM IS
Table 1 Raw materials and processing parameters of Ti6Al4V-based composites were prepared by SLM method

Scanning speed

Hatch spacing Layer thickness Laser spot

Raw materials Input power/ W o 1) o P e Ref.
Ti6Al4V/CNTs 135 600 0.05 0.03 0.075 (8]
Ti6Al4V/TiB, 200 300~ 1200 0.08 0.02 — [9]

Ti6Al4V/GR 275 1100 0.12 0.03 0.074 [11]
Ti6Al4V/CNTs 250 400 0.05 0.05 0.07 [31]
Ti6Al4V/GO 160 1000 0.06 0.03 0.005 [36]
Ti6Al4V/TiB, 80 400 0.06 0.04 0.10 [15]
Ti6Al4V/CNTs 20.6 10 0. 10 0.025 0.045 [20]
Ti6Al4V/B 400 7000 0.075 0.03 0.10 [22]
Ti6Al4V/TiB, 240 300 0.12 0.05 0.08 [24]
Ti6Al4V/TiB, 100 33 0.025 0.2~0.5 — [25]
Ti6AL4V/B 115~215 580~ 600 — — — [26]
Ti6Al4V/CH, 180 200 0.11 0.05 0.05 [32]
Ti6Al4V/B,C 260 900 0.06 0.04 0.07 (34, 35]
Ti6Al4V/GO 160 1000 0.06 0.03 0.05 [37]
Ti6Al4V/TiC 21~108 50 0.10 0.10 — [28]
Ti6Al4V/Si, N, 96 400~ 1200 0.09 0.02 — [23]
3 ERE AR E TBA4Y HE Mm e RO IR, 28 b B A It 5

At

OCRE 7] RE B VLA (LDED) 3 Y FE A JR B AN 5] 8 fir
RPN el RO R R s 2k AN TX, A

EMERIG &85 6. W BIEHHAT, FTEEE T
T BERER, BAIE AR =g FTENd &, 5
SLM %AHLE, LDED 3 %) i /i 09 44 4k 25 Al A T 5 # 22
SRITRIG, X ARTEARZER T Ry 5a iz, B H I T 7 i



382 Hh AR

EEEVE

KEREREAR, 7 b AT 2 1 A BN 7= 0 1 S e b

LDED A % i F #% 6 # % (laser cladding, LC) %
AR RN T A BRI M R AR Z —, b
WiAn 440 B3 4 JR DU (direct metal deposition, DMD) Ll
HWOE TS Y (laser engineering net shaping, LENS)!#/
oG E B (direct light fabrication, DLF) ] ey {4
JIE (laser solid forming, LSF) [l S 4 g Y R (laser
metal deposition, LMD ) U1 0 B 45 0OGIT H (direct laser
deposition, DLD) ' % B4k 192 B FH Tl 4% Zh e B BE A1
b ol i BB e S22 A 2 v - A s T
LDED 19 F 2 T S804 . WO (laser power) |
FAHHEE ( scanning speed ) . A 3 ( powder flow rate)
RIS E (gas flow rate) Las]

High Power Laser

Process Control

Laser Processing
Head—

LaserBeam
Clad - B
Substrate.

Work Station Ar Gas
E 8 ot A ULAY (laser directed energy deposition, LDED)
T AR R
Fig. 8 Schematic illustration of laser directed energy deposition ( LD-

ED) working principlems]

3.1 TiBAIAVITIC E &t}
Mahamood 25" 7%/ DI Ti6 A14V-50%TiC Ak 5k},

K LMD 14 T Ti6AdV/TiC B4k, I TH
R | BOGCTPR A AR &N T 2800 5 A MR
ghby . REREERIT SRR A R, G5 RRI], BEE TR
FOREA, FTERHI A, (R Z5H SEM BE 5 Unf&l 9 FiiR) ik
JE Tl TIC OB R 2 BRI, A Atk Tic 5071
REHHIRI N, S AP RHEEE N, Y | o)
ARG E > M 0.065 m -s™' . 3 kW H 2 g - min™’
BF, Tl e 2 A AR R T S R AR AN, FEF R LA
Ti6AI4V-(0~50) % TiC #H A h JFRE, #il4 T Ti6Al4V/TiC
IReM: B2 A AR, HAm B0 B I % B BE TiC ALY
BT A

Li 2% R ] LMD 1 TioA14V-TiC JFURPMA | 38 i
PR R B, AT A T TiC R FL B0 (0 ~
50) % TC 2L B0 TI6AIAV/TiC ¥ BEE &6 R, i 10 Fr
AN, MR TIC DURKE RlRURE | 3 df DL SO A A 2
TEAFAE . M T BRI A1 BT BT TiC 3958 A9 B AL
VR, Bl 4 TiOAl4V/TiC B B 52 & F4 Rk JES 38 A T
TR SR 3.7 F1 7.2 GPa, 7E“ i B am ik Bl
FITEFT , %A MR B PR B 78 IR TiC AR R 43
BN 5% A F AL 1225 MPa, AHEST Ti6AI4V FE4K, $i
PR EE R E 20 12%, WG TiC S EakZRmshn, TR
filt TIC JURLANAL fh TiC MBS 2 HRSERER, Pl &
AR BR B AP RER B F B, Lin % R8T
MRS IE B 1 Tic MRS ASIE T 4T BNk R b
ERIR T AR IR I, Wang 250 (9210 45 B @R, 24
JEURE A R TR MBI 5% 1 TiC BTl 45 Ti6Al4V/TiC &
AR RE B B B A B A, B4k, Ma S dE
Ti6AI4V/TiC E A H R TiC A& AR 5 S B0 BT
JEE AR B A 4 SR B AR A B - 4 = . Y Ti6Al4V/TiC &
BB 50% 1 TiC B, AT s B R BR AR R 5
A7 515.5 MPa il 1.83%, AHEL Ti6A14V Fe R f 5 1 1
fie, IR FET 45.8%M178. 8%, H%—J5iH, HES

4

e 56pm
—

B9 L4 JE T A (laser metal deposition, LMD ) ZEAS [ 19 5 B 4 4 F #4145 Ti6AIAV/TiC & & 4RHY SEM A DY, (a)

0.0l m-s™", (b) 0.015m-s", (c) 0.02m-s""

Fig. 9 SEM images of Ti6Al4V/TiC composites preparded by laser metal deposition ( LMD ) at various scanning speeds[%]; (a)

0.0l m-s™", (b) 0.015m+s™", (¢) 0.02m -5~
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%@[58]
Fig. 10 Microstructural schematic illustration of functionally graded

Ti6Al4V/TiC composites prepared by LMD method !

MEHYG K 9.063 W -m™' - K™, %% Ti6AI4V HL A $i
SR T2 26.5%, WP R TIZE A MR R SR
ARSI R

Wang 2&1°V 8 THFSE TiC 0k HXF Ti6AI4V/TiC &2
BRI A R R R R RE R, L Ti6Al4V-5% TiC
(4 ORI RS (9 TiC #3440 S JERE, SR FH LMD 324331
#T 4 Fh Ti6AIAV/TIC A MR, Z5REH, Lig/NE
B RSF TIC MR (R IR A2 < 10 wm) 9 BURH R & 00 2 &
MR AL & TiC MARR R R . iR A B S R A
FHAHZE A R R R, ML BT PIsR 2 (1231.3 MPa) #il
BRI Z (2. 12%) FHE LR R SF (45~ 100 um) TiC #}
Ak JEURL 25 109 52 A5 A R B4 X5 7 1 B 3 IR 8 T 2 4%
#1259% .,

LDED 2 A L2 3 4 ] JEUR v AN ] A R 4% 114 378 3K
TEM 25 Ti6AI4V/TiC #6 B2 &2 G M R 2 W 35 0 I 3,
AR R W, LLEORE H R TR A3 8 5% 1 TiC il & 1Y
Ti6Al4V/TiC B &M ELEA BRAEM L& 1%k Re (FHE T
Ti6AI4V FEik, PLPiak EEHRTF 20 12% ~ 13%) 5 LIAHFE &
i TiC R JEURHH 4 52 A MRk, SR A/ RSE Tic ok
AR SRR, AN, B E SR Tic (RS
H>50% ) B4 A 14 Ti6AI4V/TiC 5 &k Rk B SR BT i o i
I R A R A ) 2 PR RE AR AR, (HJRAE A TR
RE A BERRUGE, VR T %E A MR R S 38R
U R
3.2 TiBAKV/TIB £ &%}

Wang 451 5 H] DLF 3% F1 Ti6Al4V-5% TiB, J5R 4}
M, HlE T R ECE . TRGOH TIB KSR A A A B A
Ti6Al4V/TiB EH ML, ZM BRI BR I | JHIRSRIE |
PURLSR B | S AR R AR 43 5 3K 6. 6% . 1050 MPa,

1094 MPa, 138 GPa 5.5 GPa, AU, %A Ry L
T et A LA SR A R A R AR, LT
FEPEREIE LT Ti6AL4V JEAR (BEf R0 29 150% ) , DAL
S BT TiB B A 4R

Banerjee =051 ) Ti6A14V-2% Tl B H9 T B, kA
LENS %44 T Ti6Al4V/TiB &+ K, 2558 £, %4
BEATERL T B A F2 8 IEAC fh A B27 25 # F4 TiB 358 A
Rashid 25" 5% H] DLD ¥ #1 Ti6A14V-0. 04% B85 J5 R}, 5
PrE R T A TiB 3SR AR TiGAI4V/TiB B& KL, 45
S TR A SR TR AT AN T AR
Jf H 3 i Az BB IR TiB A B2 A R B R AH 3R T
Ti6Al4V FLARTE LT T 30% .

Xue %54 V4T fig vk LDED 32 ] 45 19 Ti6A14V 41k
FRAEE RS B AR T AE 2L o MR AR T (aGB)
HIRIEE, IR TIOAIAV B AR TR 7 T it ik, PR
JH LDED #4145 T Ti6Al4V/TiB E &L, ik 11 i,
4 JEURF RIS B9 Ay 0. 08% I, H1 TR 4 A TiB
A “ 4l Fhsm AL A ETHL AR AL VR, B R RLIY T2 58
FERE TI6AIAV FEARS/ N T — 2, A, BT B &
BIAIAIAL A o FHAE TiB OB LA S R AR, %R
GAPER T o AEARCIR 5 ST B BE AR L A O BEAR T
43%F133% . Bl BRI S a4k s, e B
FHAR R ST/, aGB ARFRZM BT [, 3 B2 45 1) S5 Ok
AN, FEBLIEBL R, TiB AHS SEAAAR I BE 7 A0 22 5152
B, 5 A AR e R BRSSO
JENRES 2, EJRRETOIA 0. 08% B BT [ B
FRAT R FIBE R ARG TS BOFT By, RS 5 Zhang
AT BRI AR — S,

[l 11 LDED il # Ti6Al4V H:fAk (a) A1 Ti6Al4V/TiB & &
(b) BT 53 H SEM R A 144)

Fig. 11 The longitudinal microstructure SEM images of (a) Ti6AI4V and
(b) Ti6AMV/TiB composites prepared by LDED method'*

PL Ti6Al4V FlZ i TiB, sk IR A k4 Sk skt SR
I LDED ¥, mI3RAS Sk RS B /N F TieA1dV ki
Ti6A14V/TiB &4 bR H AR5 B A ok 5e i) 45 46
SerE, AR RV, MER S 0. 08% MR A, 1T Ak
5 B A0 R AP BB A ) M N B A AN, 5
Ti6Al4V ZEAAFH L, S LDED #4145 #Y Ti6Al4V/TiB &
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AR SR R | B RE L % i R A 2 O T 40 4R
25 6% ~17% . 30% ~44%F1 150% ,
3.3 TiBAKV/(TiB+TiC) &+ #}

Zhang %' 5K H] DLD % #l Ti6Al4V-5% B,C J5 kL b
T, TEBOETIRR 1.8 kW A50F T il & T H s AR IR R 4
249K 25%11) Ti6A14V/ (TiB+TiC) E-& 48, %M ¥ TiB
RIS AR AR, 1 TiC A S T BRI

Ogunlana ZEIST T Erinosho 251" 5% A TMD 71 Ti6Al4V-
20%B,C JFRPBH A, R T HOET% (0.8 ~2.4 kW) Xf
Ti6Al4V/ ( TiB+TiC) & A A FHRE B2 RN EEPERE RS2, 45
0], LMD 4 4 19 Ti6Al4V/ (TiB+TiC) & & # k)
T BEOC TR T RS R, DI 2.0 kW B ik B AE
4.4 GPa, TMififEEMERELEROLIIZEN 1.8~2.0 kW JuH K
IRBIEARE, YL T TioAI4V 44 (1 % 13 P fE
gor LI Pouget 2506 WHRIE, 5 Ti6Al4V FLIRAE L,
i CMD 2, JECRHR A B,C il 45 4 Ti6A14V/ ( TiB +
TiC)E A MR, ELAA T 0 B 5 A0 S 1 B 2 ) 2
PEfE,

¥ Al LDED ¥: Fl Ti6Al4V-B,C 5k by 1K 41 %
Ti6AI4V/ (TiB+TiC) B A A B ARSCHER TAEIR >, ©F
BIRFFFESE R, 1% A 4R A B R 88 P B 45 ) 2%
PEREIRTS , A En T 280, 1 T 3 5 oA 0 1 DA B
RESHR AL LI AR T A T A

Ochono-

¥ N, diffuse inward

Molten

3.4 TiBAKV/(TiB+TiN) £ &#1#}

RALEK (TIN) 2 H A R0 50 (3600 C) | e fifi B2 Ak
SR VR0 = IR 2 A A T S 1 S R R R
FALHN (BN) 5 Ti6Al4V rhEKTT 2 78 = BB i 2% B O R
TERTE, TRL R Az Ak O SR A B TiB Al TiN AH . #E
PIEPMNEIE T, A B4R TE 5 G b ek i T 5 A i 1 1
RESE 12 MERE . Das 261 R T HE M Ti & 04 A0 B A i 55
PEBE, R FH LENS JEH1 Ti6Al4V-(5~15) %BN HJ5Ukk 75 H
FH % T Ti6Al4V/(TiB+TiN) 4 %2, 5% Ti-TiB
I AR A R BT G TiN AR B 254, R0 SR HUR 2 AN 12,
SEREM ) YRk BN SN S% B E] 15%, %Ak
(A% A M (170+5) GPa 34JN%](204=14) GPa, fif
TEFETR (8.6+0.7) GPa HLTif M Ak W & 48 /. H A xt
Ti6Al4V/ ( TiB+TiN) & & MR st i b, 2R TAE
BB T2 80, 35 B A 38 5 AH 1 ] X )
PR PERE SR AL LB S

LDED 3K ELA ] DL 22 376 32 i JUR} o S [R) B3 1R 3% 43
SRR, TE R4 TI6AI4V KL k6 B8 5 & AR 7 T BA
WS SR, LDED ¥k 9 il 5O B 4% 175 22 )5 &2
PNTACFE, BRI T HAE A B, b4, B LDED
T A LARURH 5 22 A0 S B SR AH 1 Ti6AL4V S5 A MR
SR FEAE D, BRI T S50, 3E B A 3 5 AR 3 X
V6] L2 R e i A A LS AR AT 9 1 A

Bl 12 06 TR Y (laser engineering net shaping, LENS) il 4 Ti6AI4V/ (TiB+TiN) & 414 2 (1 S 3 7% 25 2] 114

Fig. 12 Schematic illustration of the Ti6Al4V/( TiB+TiN) composite coating prepared by laser engineering net shaping ( LENS) metho

4 BFRBEELZLMEBHEESEHF
Ti6AI4Y BEEE#H

LA AN (electron beam melting, EBM) 5, 5 SLM
AR R BN ] R R B2 i RO A 2 OG5
MURERGE 13, EBM 20 HTHEA R i 5 B ERen s
b, I PR R AR E AN B, BN R A
TiOAI4V S8 AR AH A FE 81 i L2241l I
BHEIN T 7 N2 2 Fh 228 A ol 158 (wire are
additive manufacturing, WAAM) ¥: 5 73 A g1 i E
(electron beam freeform fabrication, EBFF) B i T4

d“‘ﬂ

RrmnE 14 fE 15,
4.1 BFREFLEH & TOAWY EEG5HH

Mahbooba 1™ 3 T V87N EBM 35 4% 1 Ti6Al4V 44
B SRR ST, B Ti6AI4V-(0. 25~ 1. 0) % B85 g 50k
#% 1 Ti6Al4V/TiB A MK, S5 REW, FALA U TiB
AHT] A A 414k Ti6A14V/TiB &2 & 1R ok R <F, I
v FLAE B RN SRR H ]S SO M AL

Liu %57 % ] EBM £ fil Ti6A14V-5. 0% SiC J5 K} 3
i, BRG] T HA R A B R AH 1 TieA14V/ (TiC+
Ti,SiC,+Ti;Si,) & A# kL, e Tic, Ti,SiC, F Ti Si, Ay
TES o 50 ARG di/ARCIR | BRI AR, A 2 [ 44 A
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Melting

1y

B 13 HL TR (electron beam melting, EBM) & TAEFIUR AP, (a)INTE, (b) B2 EINT 4 £

Fig. 13 Schematic illustration of electron beam melting (EBM) working principle[@] : (a) process chamber, (b) four steps of each-

layer material processing

mem | A

L ]

Substrate. &

railing Shield _ Deposited Layers

Bl 14 22 b BB 1 ] 1 (wire arc additive manufacturing, WAAM)
ETARFUER AT () B —RZJFHARE, (b) 4T
N TR Z R Bk

Fig. 14 Schematic illustration of wire arc additive manufacturing (WAAM)

working pn'nciplemo] . (a) state after printing one layer, (b) state

after printing several layers

T PR R AR EE R, AR IR AL <Al A sRAR T
“HIAESRALT RN s R AL T 2 m AR ALH P EAE R,
Tl Ti6AI4V JE52 A MR FE S5t 5 4 BE 4L Ti6A14V
SARIA PR T
EBM AN T RA0 R T H& RO ik, E45 R
T, FF R E B A i TR sE H S TieAl4V %
THH 25 AME B r 1 1 SR AH, TT DAY R O A &
Ti6Al4V HEE G AR T T FI R
4.2 i EIIEAHIE K& TieAUV EEA#
Bermingham 251 L Ti6AI4V 22F1 5 5514 (0. 13%B)
kL, SR WAAM L4l 4 T Ti6Al4V/TiB & & %,
GERRW, ZAPRL PR A BT A A AT R TROKR IR

Electron
Beam
Generator

:  Material

B 15  HL T3 A HIE (electron beam freeform fabrication, EBFF) 3 T4E 37 2 & (7

[71]

Fig. 15 Schematic illustration of electron beam freeform fabrication ( EBFF) working principle
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TiB A, BEAIRT o A& AW RE 8, b 0 B ) 5
NG AR IR HIE R, B 5k FE R W/ 2 — 2 LU
I, AHEST Ti6AI4V JEAK | Ti6AI4V/TiB &4k k98 1
PEET 40%, HIRERA B, Chen %™ LLE 0. 1%
[ TIOAI4V 2244 A JEURHEN 45 Ti6AI4V/TiB & ARk, [F]
FEAS e B0 AT LA AT 455 B A it R K /NI —£5 8, Yang
SBID) EAR R 1.2 mm I AT Ti6AI4V 5 (0.05~0. 15) %
Wk JE0RE, SR T A5 A6 AR A3 A ) TiB 3 5 AH 1Y)
Ti6AI4V/TiB A Mk, Z5H KM, 784l i sk i1
R, HERAFIES S 0.05%1), Ti6Al4V/TiB Z-&#
BHOPTRLE EE 15 5] 1089 MPa, BRI Rk 8%, M
B TIOAIAV JEUR %R BTRR 4R T 17% HA PR A
KRG B,
4.3 HBEFREBHMRFEEHE TOA4Y EEGHR

Tao 257 LUF A (A TiGAI4V 2244 49 JFURE, R
FH EBFF #5145 T Ti6Al4V-0. 38%TiB (1A TR/ %0) & & 4
BE, WFSE T H TR (L6 3.0~5.0 kW JE ) %F TiB #H
T 3 AT ARZS RO 52 A M R A P BE RS2 MR, AR5 25 SR
FW], HF AT R TiB A A R o A6 A R
YIEREY oy i Y I S & ol NS SR 3 - 1 B e
FHRIFRAIGIN, B A AR AT 58 B 38 KA BR
KRG, R TRIIFEN 3.0 kW i, &APRIE S
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HLED WEFEIVERT, %5 & MR BT RR e AR FTEN
] (892 MPa) t THTENJ7 1] (887 MPa) , 3% KN 5.0 kW
Af, TiB AH 22 18] )43 A ) B AR SH 38 K, 26 B /)N, TiB
AHIE i PR S R T | TR A BUmEE AL, AR
W BR AR RIS TEN T 18 (13. 4% ) P THESTEN 7161 (3. 0% )
WRATER gy i s, TR R aniAl 16 FiR

Wang %7 5% Fl EBFF 3% LA & A 0.07% 1 1) Ti6A14V
20Kk 1 JEORHEN 45 T Ti6AI4V/TiB 5 & # kL, BF9E 45 5%
B, Ti6Al4V/TiB & & MRk i He o B2 At s G 5 i
Ti6Al4V FEAk, HIFLE TiB AHBYHH Ty 7 47 F0 T 05 )
IR RE AR, R

K EBM #5 . WAAM %LU K EBFF #:1fil & Ti6Al4V
FZAFRHOF SR B D N TR RS 4
FEICR WS Ti6AIAV & 4 Wi Es A J7 1, 27 TGS
FATHTEN AT A RE, SO & R e EA R G Sk HL
5 Ti6AI4V FEUAHE NP R4 R 33840, mT RIS K ik
Jr e TIOAIV JL8 A AR T R . WAAM 5
55 EBFF i LL22 bR JFORE, 32 B A7 70 345 AR Qo] A LA
e #2h 5 J R 3k AR v 9 T B A e 4 ) AR T R, 2% 2 AL
S5T R R 3 10 7 1 4% TiGAI4V S A MR E
AR RE ARG . 4E G B (vickers hardness, HV) |

shear fracture

l Columnar p grain
(Ti matrix)

| Aligned TiBw

shear fracture

[ 16 EBFF A B F AR AP T 4 TioAIV/TiB 54 bHRRETEN D i W 208 B E 7 L (a) 3.0 kW,

(b) 4.0~5.0 kW

Fig. 16  Fracture schematic illustration of Ti6Al4V/TiB composites were prepared by EBFF along the printing direction at va-
rious electron beam powers[ﬂ] . (a) 3.0kW, (b) 4.0~5.0 kW
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Table 2 The main mechanical properties of Ti6Al4V-based composites prepared by additive manufacturing

Vickers  Tensile Yield  Ultimate Compressive Ultimate Coefficients Elastic
Methodology Ti6Al4V-based composites hardness  strength  strength  elongation strength compressive of modulus Ref.
/GPa /MPa /MPa /% /MPa  strain/% friction /GPa

SLM Ti6Al4V/ ( CNTs+TiC) — 1255 1162 3.2 2170 23.8 — — [8]
SLM Ti6Al4V/TiB 5.1 — — — — — 0.35 — [9]
SLM Ti6Al4V/( GR+TiC) 4.3 1526 1517 1.3 — — — 145 [11]
SILM Ti6Al4V/ (TiC+TiO,+Al,05) 4.3 — — — — — — — [36]
SLM Ti6Al4V/TiB 4.8 1422 1382 2.6 2014 17.1 — — [15]
SLM Ti6Al4V/TiC — 1143 1027 2.2 — — — — [27]
SLM Ti6Al4V/TiC 5.7 — — — — — — — [20]
SLM Ti6Al4V/TiB 4.7 — — — — — — — [22]
SLM Ti6Al4V/ ( TiN+TisSiy ) 8.4 — — — — — — — [23]
SLM TIGAI4V/TiB — — — — — — 0.35 143 [24]
SLM Ti6Al4V/TiB 4.9 — — — — — — — [25]
SLM Ti6Al4V/TiC 4.1 — 1180 — 2190 26 — — [32]
SLM Ti6Al4V/ (TiB+TiC) 5.4 — — — — — — — [33]
SLM Ti6Al4V/ (TiB+TiC) 4.6 — 1345 — 2020 33.8 — — [35]
SLM Ti6Al4V/ (TiC+TiO, +Al,05) 4.1 — — — — — 0.42 — [37]
LMD Ti6A14V/TiC 4.9 — — — — — 0.018 — [45]
LMD Ti6Al4V/TiC 4.9 — — — — — — — [56]
LENS Ti6Al4V/TiC — 1196 1089 — — — — 154 [51]
DLD Ti6Al4V/TiC 5.9 991 — — — — — 167 [46]
LMD Ti6Al4V/TiC 4.1 1230 — 1.2 — — — — [58]
LDD Ti6Al4V/TiC — — 1310 — 1636 — — — [10]
LMD Ti6Al4V/TiC — 1202 — 3.95 — — — — [59]
LMD Ti6A14V/TiC — 1231 — 2.12 — — — — [61]
LDED Ti6Al4V/TiC 4.8 816 — 3.32 — — 0.375 — [60]
DLF Ti6Al4V/TiB 5.5 1094 1050 6.6 — — — 138 [43]
DLD Ti6Al4V/TiB 5.9 — — — — — — — [50]
LSF Ti6Al4V/TiB — 1108 1050 9.05 — — — — [44]
LSF Ti6Al4V/TiB — 1045 — 13.62 — — — — [62]
DLD Ti6Al4V/TiB — 965 — 15 — — — — [63]
LMD Ti6Al4V/ ( TiB+TiC) 4.4 — — — — — — — [65]
LMD Ti6Al4V/ ( TiB+TiC) — — — — — — 0.35 — [66]
LMD Ti6Al4V/ (TiB+TiC) 4.4 1100 — — — — — 125 [68]
LENS Ti6Al4V/ (TiB+TiN) 8.6 — — — — — 0.49 204 [14]
EBM Ti6Al4V/TiB 4.1 1230 — — — — — 126 [72]
EBM Ti6Al4V/ (TiC+Ti;SiC, +TisS1;) 4.7 — — — — — — — [73]
WAAM Ti6Al4V/TiB — 1089 — 8 — — — — [75]
EBFF Ti6Al4V/TiB 3.0 892 — 3 — — — — [71]
EBFF Ti6Al4V/TiB 3.0 — — — 1538 32 0.55 — [76]
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YS) . PR f# 4 2K (ultimate elongation, EI) | i [T 5% &
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COF) . AR (elastic modulus, E) %,
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H AR (EBFF) BL45 AT 8% F Tl £ Ti6Al4V FE 5 G 4 kL
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Ti6AI4V FE5Z A B ORE 09 14 b4 i 5 J7 1k, SLM % i & 19
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(4) % T SLM 7%, T LDED 75l % Ti6Al4V
HAMBHIF TSI B R LDED 35 m T
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NFHER  HR, %07 1k R O 2 s B R T A =2 AR
A0 AT RL D E B AR, Rtk dndel s iR LD-
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(7)) fofi FH 3G W ¥ 2 v ) 4 52 R B e 34 o A T [ 5 )
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