Material Sciences #1814, 2017, 7(3), 275-282 Hans X
Published Online May 2017 in Hans. http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2017.73038

Application and Research Progress on
Titanium Alloy Printed by 3D Technology

Pei Wang!2, Zhenghua Huang?*, Wenjun Qi2, Yongxin Zhou?, Chunjie Xul, Jianye Liu3+4,
Gaofeng Hu34

'School of Materials Science and Engineering, Xi’an University of Technology, Xi’an Shaanxi

2Guangdong Provincial Key Laboratory for Technology and Application of Metal Toughening, Guangdong
Institute of Materials and Processing, Guangzhou Guangdong

3Guangdong Hantang Quantum Photoelectric Technology Co. Ltd, Zhongshan Guangdong

4Guangdong Hanbang Laser Technology Co. Ltd, Zhongshan Guangdong

Email: wnpderpei@163.com, zhhuang@live.cn

Received: Apr. 27th, 2017; accepted: May 17th, 2017; published: May 22”d, 2017

Abstract

First, the principle of 3D printing technology of metal is described in the paper. Then, the applica-
tion fields of titanium alloy printed by 3D technology in recent years including dental and ortho-
pedics, prototype and mould, aerospace and so on are introduced. Afterwards, the research
progress on titanium alloy printed by 3D technology all over the world is summarized. Finally, its
future is looked forward to.

Keywords

Titanium Alloy, 3D Printing Technology, Application Field, Research Progress

KB E3DITENHARBI R A R IR

I WY, REAY, RXE?, ARK, HAAXL gL, H e

G TR MR TR R, B s

TRAMEL ST TARR SRR AR SR E AR, TR T
TR R TSR AR AR, TR il

TURBUBBOCRHEE AR AT, TR dil

Email: wnpderpei@163.com, ‘zhhuang@live.cn

Woks H . 20174F4 4270 FHEM: 20174F5H17H: KA H: 20174F5H22H

CESEE .

XES|IH: Eil, HIEE, BOCE, FUKR, BES, xi@lk, e 2hE 43D T EIER MR R AR BRD]L #E
#}%, 2017, 7(3): 275-282. https://doi.org/10.12677/ms.2017.73038



http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2017.73038
https://doi.org/10.12677/ms.2017.73038
http://www.hanspub.org

Fiti &%

R

AXELER T &B3DITEIRARKFE, HENP THEFRIDITHRGEHMATRK, BEFHMIE
B FARAOER. MEMRETR, REGRT ENIMAEEIDITER IR, BERERK.

Xiia
&£, 3DITEIRAR, MRS, FHARIR

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|

TAEOR, 3D ITENHAR O — R il i 05 30, HIEARJEHOY “ 2 g BEREM” [1]. S5
AN, 3D FTERHlE L AR AR TS B EOR SHIEEAME G, RS T =R POk &
R 3D Wik, LR, fEe)m Rt fE b A E AT BACRIE . 3D 9T ENAG N L3 32 22
RIAE: 1) G MER: 2) L2 R, SEOURAFRIL I, fRUL GG FFRRE o i 1A K )
s 3) AR, 3D FTENAPRMEAE e Jm RN R 2 7 #RHEE, T H A E A b m AR Bk & 2 3D 4T
BN T S N iR 2 i, ASSOREERIR 3D 3T BVER 15 A S F AR SR 0K [ 4 AR 5 <6 3D T EN Y
WERBUR, JFREEARK.

2. €8 3D ITENHE AR BY#LAR

3D FTEI N s RA it . P A, ok Y (Stereo Lithography Apparatus, SLA) [2]. &%
SEAA i (Laminated Object Manufacturing, LOM) [3]. OB X 5845 (Selective Laser Sintering, SLS) [4]F14%
RTAR i 1% (Fused Deposition Modeling, FDM) [5]5 R KRB . IaEk, Bl & 0L X 151k (Selective
Laser Melting, SLM)#i|id& A1 H, F BR% X & 1L (Electron Beam Selective Melting, EBSM)#1)i& 5 4 J& B iE
BORBBHE K JE, 72 AL T REA 1) B3 1E BRI BOR A,  E I Re BB A R, T 2R & C
BT TR

X EOEIEA SLM 2 FRAE R TR RS N OGRS @k A, B RAERSCROL RE 2 Ja PR
KA I ERER, DU aaiE . SR, RN EIhaett, & HarE WM A A i I 3D
FTED T A[6]. X PO FEI NS 1) Fin. EXEOIBEAR R —MWIn T T2, 55Tk
P AR RE, I AR I N F5 A 5 BT AR K A S AR AR L AR AR [ 7] HE TR
XJEA EBSM J2fa7E 525 56 A M AT Ao AR i 2l . R, B R R EORE BT HROIEE
HHIN TIA AR, ALk AN B 1 T2 B FAE XK 1(h)fs. BT
FOEDEE — RPN T L2, KRR B, B TArT B BB s i CeA, — M T T
fi B K N A [8] o

FEROR RIS TT 10, 42 )8 3D FTEIEAFRAE B 2 AU A B PO R e, N I 2 A % 2 8
EFRFER. MR EZEDERE & AENES NEH S EEEUF AR, B =R T AR



http://creativecommons.org/licenses/by/4.0/

Fii &

WM

| mw

| R
AL

: E IR

| e

KPR g —o %

R A

pnTEE

HEAR

| SJRBR

AT & - LA

(b)

Figure 1. Principle diagrams of selective laser melting (a) and electron beam selective melting (b)
B 1 EXEAIE K (@) FEB FRIEXEL (b)) RIEE

3D FTEPUE KA, A B E A R SLM B4k B HIIIG 2 4x 58 3D 3T B 4Is B BLAL A AU,
PRIEC AT AN TAR e 7 i LU T R IEn THBON R 22 M a0E, Bt DAE B3 A 107 T B R 4%
T LR .

2. $KkE& % 3D ITEN AR B FA Sl
2.1 FRMERSE

BRESBAM SR SRk, SR, K% AYAAHAEMSEIA9] [10] [11]. fEH T A 4hH
HABE W EEMEA, Ti e 5 NAREH R &R, £ 80~110 GPa, X A& | fiEk 58
H IR Z (A HLIANIE M [12] o DR, AKE S e BT SUSE BT 12 BN FH AT, Rk 52 31 B2 TR 28 (1)
HI

B W) TR IR & 42 2 ZELAZE Ti Al TieAI4V AR . 20 et ip, S& A58 E w5 Je i 2l Ti
T Adar, vET 70 KA N TEREE OG5 R TR R[13]. 40 Ti fEA B b BF R 4F it
JEp e, (H LR R AV R E , AT PR T A AR AL R, EE AT DB E SR T8
ANERALI B R [14]. 546 Ti AHLL, Ti-6Al-4V &4 B A8 E I 98 AR N TAYERE, w2 AR B
H¥cit, 3 20 g 70 A Bz FITESMRHME BAPRL, g B . ERE(LE 2). KBSk,
[ Py 7R 72 DL TiIBAIAV =, (HER AL V S0 ARA F R, B AT 2N S ALFTV
(5 B A4k &4, G0 TiZrNbSn [15]. Ti24Nb4Zr7.6Sn [16]%%.

WA, BRHES 3D HARKAERF AR BIRAK[17]. T R4 28R40 S0 575 2L B
Fo> BHEAT B AR A B AR, A R BRI AR TR D FIGL . FTHLOL . TR ESE, KRR
Pem T AR E AT AR RS AMERE, 4agkFARM A, R B . A AR 3D FTEH AR B
R e Z e, FITEREERL, TESRNEA NREZG M,  HoE sl R pes I SR
JEEHE, % F ARG A EHEE MR E ROR[18]. 2014 £ 4 F, HEIUZEEE K770 5 B2 B B RLF6
TEZ 5 AU BB S O E B EK & 4 3D AT BB AR AR, (8 83 B R IMIR DIBR 5 (1 k25
AFRIREAI e SE A, MR 7 2 B AL MR ) R B e A A A E (I R HE R [19] . 2015 4E 7 H,
SV ZE R K2 b 0 2 e 0 s AR R — 4 M iy e AR RIS T 3D ATER A &M AT R, RigE
FIRE R, TARIFRAE HIL, X oAt 5 ) 3D 4T ENER A & & A A [20].
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Figure 2. Bone plate and skull repair slice of titanium alloy

2. KEEBMEMERER

FREAMEACERIPOE TR BEMMER DAL RoliE &R e B R 2 k& )1 3D
ITENECAR, P2 s A0 S IERHTRE . BOFSC2e. F AT 3). AR AL SithliE 5 2,
R, MERL R ME TR RN HERE AR, MECUN TR AR, Rk R T TiRE,
NTRA R, 37 it o A T BOMACTS5 . TR 3D 3T BIAE P 55 B AR N AR 2 F AT 38 G i £ 1]
A, A EAE RN S AR ARG SR RIT B, BV R RS AR I RHEA A

2.2. FARFEE S

3D FTENTE FARANG R GUR IR A H MR L% . — 7, SRS T7EMEL, 3D FTENR d it SpL ez
il IR =G BRI RS o X TR FAE, BAT IR AR, R BRI 3 B AR A A AN
BRI IR, SRR AR S B . AR P AR A RIS, AT 2 AR B A e
HiRY, JEHEE A F . WARRAME G T ZHE, TR bRk, AP E RO, KB
Fi, e KEEHABEEK, SRR KA L, SRR, SR 3D BRMFE A2 N EL
AR AR 5E B TAE . 3D FTENRI A FARAI R 2 BB AN 4 s .

2.3. fn=MR S

& G ABE M E R W & R E S O 2 N T =0 B R S0, BTl m. TEER
R AZ T JE 1, B 1) 1 JFC I8 B, o ol A s A B SR A 2 R B S T A guiin T 7 A ki [21]

CRREET M CREBRE” —BERMAMARRATIE MR M EZEHAR, Mi 3D TSGR SR E
PR A G HA A B R . 158, 3D ITEIHRAREM ST FARIES A= HE T —1, nIiRE s
BN S BHT, ARt RS Ia] . J@id 3D 4T EPRELL A, WAL kL, 3D FTENFTREA (1384 i 4
REEAEFEAM BRI AR L 90%, FERAEFSA, WAHSRNES T2, FimbliEna, Hars R
TR ZHBAE

A RIS 4 X EASE TCA, TALL. TC18 25[22]; 76 LWL MR b 2 sk & & h
TB8 [23]. TB6 [24]. TBO [25]5% . i, LRI A2 fHi K A Sonaca 51 F KH M FMAS A ® &4 &1E,
AR RATI I R A& 3D FTENIER & 42k, EW % 1050 /i3E0/E3) FAIR TiH, PAFHE B
HEZE Tl 346 i3 e R 2 [26]. ] 3D 4T ENEk& & 4F/ F-35 Mbl L iETIR K. 1N A S
FATENSUE AT, HEBARAHEE, LEZERME A 5T A" CEA 5 Sciaky 2 7 N & 1E
PRk, ELRIE A 1222 7] A2 P e ) 38 38 R 2 & TEAE AR 7= (1) F-35 fSHIL[27]

FRIEAE 3D FT EPALZS TR S 5 HH AR ARHIT T A A 8 b b R 2 [ A I oK B s 2 3 LR
2 s AT [ BN BA R AG S 25 MR K 2% A6 B B0 s ST T BA o G ARk, FE AL s R A a5 B A 7 3%
KRR . &5 78 T 3D TERHiliE 3 KA T E ™ C919 kAL F IR & 4 rh e 2 5% [28]



Fii &

Figure 3. Lingual orthodontics and dental crown
3. ENERSTFE

Figure 4. Part prototype and complex mould
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Figure 5. Central flange of titanium alloy for do-
mestic aircraft C919
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BEAh, o EBTRAF T =B 306 AR N RSP R TALS Al Ti2AIND FAEk & i RHE R 2 &
TR, KHEOL 3D 3Tl th KB AT Kl BB I — AR & bt ~OE IR M L 1 03Ik
B BRI E THOE 3D TEN SRS MR S HIEMM T2, Mk 1 A& G0ERTT A 2 E
PRIEAE T ET5E) MR IO 2 L 5 e 1 22 A ) (1 B A P M AR S 17 L, O B TR B L S5 R DT R i
TS HET R TR &R IR, IR T AR AR R AR SR M S, SEEL T iR Thg
AT BT S AIE[29]

3D FTEE ] B T F A S AEIIE[30]. MUEHIRFAEMEE R, HRARE S, —Hil
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KHBOEARIRE SLM HAR SR & b R 4% BOE Rt — 2 ZHER En,  HARR0E — MR
P2, P CAFTEN R <G8 A L IR AE AL R RIR . RIS ESFIR GG, KR IEE 6 R 2 &
J& 3D FTENHARM T HE R —

SLM T ENZAF i R FLIARIE T REA AR J LR 1) SLM DR Al sl LR, eJ@m KR 7e 4
ISBOREEE ; 2) ERD SR BN A R TR 3) BB = AR & ke, W RIS A I R i e
AT RAFENRRE, BAMARF SWRRHE31]. X2t T SLM SOB e h ot & s
Ty A A e TR B S BRI AR B R AR N T, RIS PSR AR Y 5 ER A A ZRAE SR AR BT A
TPEREL KRR UR AR 2 OB NIR ST ALY e o

BT IR ERIA I R A, BEA TR EE I S AL BB m SLM IR M RE[32] 0 KT RLSURN BRI B 7T iR
RT3 E AU A ERAT HIP SAGERSIE T2, JFlid 3 B B A v AL Z 33 3R 7T SLM £
FLBE AT DL B WIS BITIOR G0 0 LIRS MR 57 9 8 1 = B AT, R B i I 0 0 i 57 U i
P ALY WARTE

X FLIR R B A, — AT T R R . DhAR R B AR TSRO AT I . T > SLM
JTE i A A LR R S v B, it 55 N [B3IRF O 1 PR TE A TR RV HEAT T BT, SR T
Jol 3 EZ A0 T Z 0 it 56 FE AR, A B I RS ook X 98 B St SE P2 A B R &, IR0 T 0
HEALF RN DU N R B RO, AR S KRR W], R F SR Xt SLM ELRE ) 1
MIECE 5 A kR A MR s . EENIEF[341EE X SLM filfF3E4T HIP AbB )5, AR AT REE S
ah, R A LA/, HIRRANERIE s DB . & TR BB, JRS5REZ RS R,
RS B R AT HIP A kb SRR R IEEOR, R EAAAE D VPRZEAN R, (BALIA KR &4l HIP
J& SRR/ HLAS SLM N L2434 SLM filfEE HIP J&, M — e T, R FHafl
B2 A R A 2 PSR THR K.

HTH AR IIA SLM B ISENE ,  BRAE T 45 N [351%F SLM S 488 A0 B A IR FE S EAT 1 %
PUAIT T S5 ARRI: SLM BRI AR At S /KGRIR, Aol P <5 (L 26 S ol S e 47 2N 1
()L, BRI 6(0)) 5T BEh s IR E — kTS, W RIARE A5, A
AT R HE T o TR IR i ELRE RS R BARAEIR A RS, B s i 505 5 T2 R Y B A AR o
FRITHEE N[B1E I B AT L B AT EN TCA & &iilff. Z5A5R: HAHSUNMEDIR S RIAHN, JrRBE
B KRR LR N T PR R AR R AL, ORI RGUR A I N BN RSO 4 1LY RE . IFIA
IR RY TSR R IR 8 1)) LA 2 1 e i ) AR RT e A s R L2, (R 1)
SHRARNL Y, AT B9 ES BE RS H 1. Murr % A [36]i@ I MK TC4 & &R ), KLY
PPN AR, BAERLE MPa. FRARN 72 2 B i TR A BRI AL,
BRIRARNITEEEA 1) WEBIMTTE, SHatooh, RERRERIER % 2) il #ub i
TR R 3) MR aEsh# . MARK (D50 HALRiAR). BRIELE. Wiahth. Sy, RS &S
WXAT ER A B R R MR K, OGO A T B 538 Ry AR E O 25~45 um, By R BRI L 2 2 Mk
B VR BREE R, TS IRAT BN, AR P SR A DL R SR S AR 3T BRI A T Il e 2 AR AL3T]
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Figure 6. S-shaped scanning strategy (a) and island scanning strategy (b)
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