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Research and Application of Bionic Structure Titanium Alloy Implant Materials

Lou Bingjie, Xu Ying, Xia Pengzhao, Cai Yanqing
(North China University of Science and Technology, Tangshan 063210, China)

Abstract; The biomimetic structure titanium alloy implant has broad application prospects because of its similar elastic

modulus to autologous bone, excellent mechanical properties and biocompatibility. The research status of surface bionic

structure titanium alloy and gradient bionic structure titanium alloy are introduced. The preparation methods for

surface bionicstructure titanium alloy mainly include electrochemical deposition, laser cladding and composite

modification technologies; the preparation methods for gradient bionic structure titanium alloy include powder

metallurgy, plasma spraying and 3D printing technology. The surface bionic structure titanium alloy implant material

has a topological structure similar to that of bone tissue, which can promote the proliferation and differentiation of

cells. Gradient bionic structured titanium implant material with a gradient in porosity from the interior to the exterior

surface,, with a bionic pore distribution.
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Fig. 1 Schematic diagram of interaction between bone

implants and related cells
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Fig. 3 Schematic diagram of porous structure of human bone

VFZ AW R SR T AL 2 4 s A5 K T T R 1
YL S (AR BE AR, K A T2 45 R 7 412 s 2R W o el
SR TR I AT T 1O BB . Miao 2504
BRI Z AL B A2 o B 2 FLATRL fLAe
JEZALRPRIRISL B AR ZFLA KL, B Z AL R
(M MA R B ES R, BB R I, AF
AUEAPERE R AN ). AR AN R B 6 225K, mT AT
AR LSS R BRI . LA B 45 R R s A
ANFEERAL PR RER R, I ELI B 45 H RE 8 I A R
AOFVERL R, P mam e, B R DLTE Y 2] S5 R Ok



514 LUK D5 AR SRS SR ABTR RIS H] 39

R FH 2 E . P BB B A R 48 A R KR
Sk HETWIRE L 3D ATENHAR
2.1 MERAEEE

MAEGEEUERBH AR (RKEBHREES)E
MABTRAY) R EoRE, 8l R H AL, be gl il i
GRS o B R R A i 4E ) 2 LA R
FIFLER R M FLBR S50, B 2 H T 2 L6 R i
o SIEGREHEEANLE, AT LA s B A 4
RO AT, R d s ERE, HAPS T2,
B .

SO SR AR R A, AR AN BN R
F Y NH,HCO, 1 LA, il 4 HoBr 78 B2 FSUZ B
271, Ti-14Mo-2. 1Ta-0. ONb-TZr &4 %4 4 Bk
W28 20.91 GPa, HUHESRE 2k 1420 MPa, 5
MR FEA VT L, Mihalcea 25 Fi] RS K 16 4
BARM & TR M AR, H R RIEEN
20CoCrMo, T JZ N Z LI Ti6AV, BFFTFEI,
JZ Ti6A14V/20CoCrMo A5 AR N A 240, i1
AERAF, A5 A s 3 v A R H . &
AR i i O R A M AT, L NHL,HCO,
LA, A S B S SR 2SR B B Ti-Mg
HEMEL W RY, HEE A M EZ 5 R,
TR B R B A R S T R R RIS, b 5 2
JESEHA IR RE 1 58 B e i, DU SR E K 168.3 MPa,
PR A 2.3 GPa; BHEELEH Ti-Mg &4 #kHZ 1]
AR, REBZRBEIL.
2.2 EBTBRE

E N | D WS A R W N B3 T
TR BT, AR5 38 2 e o I B S I A ok
T 5 JE AL JRE 7 2 1 HE B B2 i s o R
AR S AN AL TR B, 1T LAAS 31 B 40 0 45 # 2 r
AR R T S5 R A R

Singh 2R KA S B T WA T2 (APS) 1
TiI6AMV & 4 RIEELMIR 3 JZTREMERIZE, B
Tl B 2 1 AN [R) A B 23 B FE A L. N2 TR 7
TiO, Kigh)z, DAREIRZEAE; h)2 IR E
anf) HA JEUEFFHARBR, A5 Bl T 2 i 5 1 22 1) A
BT AMZEBER HA 2, 8 i 2 mOHDRE B A1 FLER
RAMEER AR S 18 B E s g A PR,
Tl 2 A0 85 4 45 S T =22 B) 4 A WL, B B b R A1
R LB RN B A SR T R AR K
Kumari 2" F1 45 85 FBERH AR 1E Ti6AMV & 4%

T % 7 HA-50% TiO, (Jii & 7r %, T [A)) #1 HA-
10% 7x0, SR FE L5 IR )2, BT R YT HA-
50% TiO, 5% HA-10% Zr0, fBA—454 42, BUE)Z
TAREELAT A A A A o B R A ) )
(895 ¥ AL BR AR R T 23 ) i 45 1 HA/ZxO, Fl HA/
HA-Zx0,/7x0, BEEEIR)Z . BHEFRRW, XIR)Z45Z ]
SiGRE, HEGWMERNE 2r0, J2 55 A3 n i
i, T 200, R 2 A Y . Khor 45 A
FHAF B TR ARG & R 4 7 HA IRJZF1 HA-
TI6AI4V B2, RS2, HA-TI6AI4V B %
JREEARR S GV W TR — HA 2, JFRA
BLUF 4 S PERE A W24 PR . Ning 251 SR I 45585
TR T2 N AE TI6AIAV 5 4 3 T il & i 7 Al
HA-ZrO,-Ti BEEWRJZ . DF5E R, 2RI L &
WEHGU R, RIFIR)Z Z E] JC ] i Y i
A 3R 5 B 1R 2 Y 45 4 5 B SR B 53. 6 MPa,
TH— HA 3R )%
2.3 3D FTEIHAR

3D FTERHOAR R FR A P B F AR, 2kt
IR iU 5 & Gy (3 e = Y (157) )
SRIG I 3D ATERHLIE & J@ i R S5 AT RHE U) i BIE & )2
B, REGR SRR A SR AR, ZEA
TEAEY Z LR R 5 05 A B R, BRER TR
BOE J5 Al AR AR, 3D FTEREE AR AT 43y
PEREPEBHOE B 45 U (SLS) | O 1 IX B 1L B
(SIM) | BOGSIAR UL (LSF) | i 23k DX Ak
& (EBSM) FlHL FHAE 22 IR (EBF) 45 ik 264
AR, EBSM I K BE AR X 8808, 10 Ho )
B, BIERCER, ATLVA R SLM KRG8 BUE K
RoF TS 3, BRI R R R, £ 1 X5
TRk A3 4 3D ATERFEARSEAT T X

Pei 27 1 2 R H S LA B B3 4K 1 (CAD)
B T HEZ LA 7 i, AR A IR OTE Y
Ty X i g 2 e AT RAU I 50T i — Ak
5L TiI6AI4V & kK CRiAE 50 ~ 100 ) A Ef il
FRE, SR SLM BRI 3 T8 52 B3k i kAl
AR ZAEARBIBTESREE | SRR (29 3. 61 GPa)
NFEE S EZE, HILZHE5 0 F
FAHBEMEE 228 @it 3D FTENHE A 4
Uik 2Lk . BRI, ik 2Lk R mh
RoF—S s AR S, FLBR 345, A E 5L
AT B AASL, BE T R A A 2 LR



BTk #
40 Titanium Industry Progress 39 &

®1 EREKES 3D TN AL

Table 1  Comparison of common titanium alloy printing

technologies
Forming Heat Forming Scope of
Power -
technology  source accuracy application
Dozens of Small and
SLS Laser Low .
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L and
Electron  Dozens of . a.rge dl?(
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beam kilowatts .
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Elect D f
EBF ectron (.)zens © Low medium-sized
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simple
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Fig. 4 Porous titanium specimens with different porosities

prepared by SLM technology
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moH O kg HE O &8/ 0T HE g kg a8/ %TT
$KHE 36 7=
RV EE 3798 100 609 1 181 955 678 34 698 848 41 771 269
NIt 7 880 722 38 613 654 75 930 817 182 299 705
K ERy 191 913 734 589 603 490 1 311 626 035 3 639 438 753
MEAREk 13 835 285 104 703 782 840 812 4320 039
FLABHR ALk B B 2 535 354 31 031 213 297 272 4 330 702
R A 219 730 4309 194 238 042 5905 191
BRI% . AT BB B AL 1 204 892 59 437 073 6 427 409 137 110 154
et 297 099 27 500 519 624 361 17 449 473
JERE<0.8 mm [EkHL . . . 76 2541 360 49 336 752 403 552 13 271 372
JELEE >0.8 mm [UEkHL . H. 4 1 877 734 64 998 954 6 814 974 139 208 782
PN 755 155 21 873 311 3798 303 99 617 130
HoABHR ALK BB 498 666 247 615 130 474 237 155 482 489
R fR
RS EEE Y 1283 951 549 1 068 625 245 15 058 528 24 070 692
B AEALY B A A IS 2005 179 456 56 606 124 135 982 559
TR 1000 1505 21 492 255 68 624 925
AL EE KR 174 223 1 864 399 239 475 9 455 082
SBBL A B L 238 303 34 735 895 47 564 3374 180
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