837 B 4 W MREEEA Vol. 37, No. 4

2019 4 8 A Powder Metallurgy Technology August 2019

N

YRR HIER AR FEEA R R TR

kD, e o £, wmED, EAaEY

1) TORBGRBR SR E TR, TU% 710055  2) PUH T RSMRIRS 5 TS, T4 710048
DI {5 /E#, E-mail: Liushifeng66@126.com

 OE EMEIEEARRE TG RN T T 2R, AT T @ RCMEE R AR AR TR, BRAE X E R
R R A T SR G0, B )38 7T 6 2 12 AL IR 75 5K, ARAE I A 1) i BORAE AR W 2 R AORL AR o 8 XM fr . B
EMBIRFEHARFI FNUAH B AR (CAD/CAM) IR, A F T34 H3&E AR B R IR T 8RR FHAR L B HHSE
G, TETRRAER . BERRES Hh 5 AR 6B MBI R AT A AR 2R AT 3 1T 2 R, B A % 0 AR N RN R
NF TR AL AN T M LGRS, MEOE. B e SR G AR BT T R, IR R T A
TEAE AR N A AN BT 23075 T A SL PR, % B8 Hhl i B AR TE ey 4ts ) B A B R PRl T R ..

KBEIA HIMIE: AR RN BRI

%S TP391.73; R318.08

Research progress on preparation of biological implant materials by

additive manufacturing

.1 . 1 ) . .1 .1
ZHANG Guang-xi ) LIU Shi-feng ™ YANG Xin®, SHI Ming-jun ) REN Yao-jia )
1) School of Metallurgical Engineering, Xi'an University of Architecture and Technology, Xi’an 710055, China
2) Faculty of Materials Science and Engineering, Xi'an University of Technology, Xi’an 710048, China

P<Corresponding author, E-mail: Liushifeng66@126.com

ABSTRACT Additive manufacturing technology breaks through the limitations of traditional mold processing technology, and it is an
important method for the efficiently customizing biomedical materials. Recently, the personalization needs of medical bone repair and
transplantation have increased significantly. The customized and individualized advantages gradually promote the additive manufacturing
technology to play an important role in the field of biomedical materials. With the development of materials science and computer aided
technology (CAD/CAM), the biological implant materials used for additive manufacturing are no longer limited to the alloys such as titanium
alloys, tantalum alloys, and vitallium. Because of good biocompatibility, the non-metal materials such as polyetheretherketone (PEEK) and
calcium phosphate are widely used in biomaterials. The preparation of artificial bone implants by additive manufacturing technology has
become a new research hotspot. The principle of additive manufacturing technology was reviewed, and the manufacturing techniques by laser,
electron beam, and photocuring were compared in this paper. The application status of additive manufacturing in biological implants and
medical devices was introduced, and the development prospects of additive manufacturing technology in medical field were prospected.
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Haf )& (additive manufacturing, AM) X #
3D #TH, il iU =, FHRATENR
ERIRIZ SRR, EES MY, RABRA
7 i TR £ T2 Al LA AR =, R
PRz, s R T, BAERM SR E
¥, Retp s R R AL = S, S22 EIAER)
PR 2R TAEE T 2 B k. IE9RK, BHER
FEFHHT A NI B B 7 SR G, IR S A i
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aigr)E (RH, P8, B FHLRSE, WMMtliEHIESR
R BTGB B RIRHT Y 1 SR ATk ] 1= 34
IRl ASCAE T M REROR B R, SO,
TH GBI RS ROARIAT T I, FEER 1
AR )32 7 AR Y RE N RN 27 277 T PR 8 FH AR
X S A ) 32 g ARAE 27 SIS . FH S R i 1 F 22 o
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RS RE S, o T AU, 2R

e R P R RS TR A B T AR R = YR AR R AT 2
OIS YR, BB R S N
R 2838 2 [ A ] 2549 2 % AU LA R 1 S2 46 %
o FURT, 3944 38 R 32 ZEALHE G [ A B (stereo
lithography apparatus, SLA). ¥&EEUTAEE (fused
deposition modeling, FDM ). i # P ok k8 44
(selective laser sintering, SLS). iEFFMEHGIA R
(selective laser melting, SLM). HLF 1A fib pi 7HY
(selective electron beam melting, SEBM). —ZEmiE[)
(three dimension printing, 3DP) M%) )ZsLAkHi|i&
(laminated object manufacturing, LOM) !, 7 [F]3
MEIEBAR T 2R SR 1 Fs. DAEB ot Em
(selective laser melting, SLM) il %% & J@& E4F i,
HE I EF WA 1 s, %4 Materialise Magics
PEALFERL Y Creo BRI EHE L STL A8 S A THEHL A
gt oy RE TR 4 EdE, ARSI
FILIRIRE AR, TIES LS RmRERD™
AR RO LR, — R R TS
T, AHE AR R BB AR R, dRet AL
TRE B RIR BRI, BRI E IR,

R WMEBLERAR T 28

Table 1 Characteristics of additive manufacturing technology
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Fig.1 Schematic of the selective laser melting process
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B (Ti) &R (Ta) RLEEEH (CoCrMo)
ARAEEHEM R JUEs . EEEREM
RPN, B2 N T AW A 7
Pl Zhou Z'BFFT T Ta BLESEUS N 10%.
30%- 70%M1] Ti—Ta & 4 IOl it o i BE PR AN AE 4
MM, 54 Ti AR PR Ti-6A1-4V (ELD X}
b, BRI Ti-Ta S BTN, H548Ti —FE
B, KW Ti-Ta &AM EA RIFAT
5. Kopova ZMHIFT T Fe. Si mEX B-4kE4
(Ti-35Nb-7Zr—6Ta) HIFZHA, K ILA N &5 80N
0.5%Si Al 2%Fe [#] Ti-35Nb—7Zr—6Ta—2Fe—0.5Si &5 4=
PR 5 AN AR, PRI RS FR R I ES S
PEREI o it RS RIH 3D TR R Bl S
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BRI, 77 A BR3P fAAA Sh e U,
SNE G N BRI G, T I8 4 ) LB R R R A
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A ROBES, RSB AP el T,
ZAM R REZFLRR R . LR KN FLBR A K
FLI VSRR 2, B SRR ] R T
S SRR 5% B AN 12 RE R 2 FLA R
| SR T s A B AR 1 %% T B A RISL
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1L Ti-6Mo G &FLBRE S Ji2E ke (R =T
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Table 2  Comparison of mechanical properties between

Ti—6Mo alloy and human bone*’!

ML LB /% PR / GPa HUEGRIE / MPa

Ti6Mo & 4 5843 2.07+0.19 135.3042.82
2442 11.90+1.13 575.6x17.7
FA B E — 0.01~3.00 0.2~80.0
KR — 44~28.8 96~200
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LA JIEMERE R AE, EAS SR, K5l
SYEREAVEYIABYEE R sk, Bk, PLZ LA
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Table 3  Mechanical properties of PEEK with different
crystallinityt*?!
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