ERIES B
2021 4 1H

wmEEREMBSIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.50,
January

No.1
2021

SLM #| &1Z E#hE % FLEA/SBRI I F 1 RER
SHRE M

AT RAE Rk M E22! FaEC & O£
(1. Bigasii K2E PS80 TRE2EBE, i 200240)
(2. AT A2 N R (e i 3 I R W AR S 2 s, B3 200240)

8 2 P A A 7 % AR 1 e B B 2 FLAR A R N B AT T R IR R SR o JE T = R A/ i T Criply
minimal surfaces, TPMS) FFEE . T P FLBRZR G 70% 0 5 A 28428 ) B B FLERZ5 4, FLIUR b il 2k (90%) 17 [6
T (30%) B RA%. A BOGIE X 451k (selected laser melting, SLM) T ZHI4E 42 B 2 FLEK/4H . a2 BB, 3
HLBE, Micro-CT Kl gt 4L [ o, SLM 42 [ B B 2 SLEK/4H (1 FLER 45 M 5 BV 1E — 5. SLM T 2R i 43 1 A 1
ZALERAR I FLEBR %43 0 A 73.18%5 68.18%. Ji# WA S5 AR B, #6152 FLAK /A0 (¥ 3 1 A48 2 43 93 h (3.96 £0.20) 5 (3.47
+0.25) GPa, HUFR3HE 53 5 4(90.83£3.35)5(93.27 £ 1.24) MPa. #6 /& 2 FLAK/AH ¥ 9L A 0 5 0 3 40 1) 6k 2 o 1388
A2 FUEAH (LB A 70.11%193405) £ FLER BB hy (2.34+£0.48) GPa, /5% K(67.63+1.33) MPa, fLERE N
65.39%[1134 %) Z LAH PR B 49 (1.69+0.50) GPa, HUH 5 3 49(68.56+0.41) MPa). A& HEAH 75 1 SE G UE B, 42 1) A
JEZ ALERAR S B RAF IR, &G 180 70 00T 40 1 5 JUL PO 40 J PR B A2 1 o SLIML T 22k 4 1 42 1) o 12 22 AL/
S Z LA R SRR A ZVE AT R S5k SRR, RBEARN B SE BB R,

KBEIR: RN AR R R 2 ALK BOGE XKt i kRE AR AT

RESEDHES: TB3S3 XRAFRIRAG: A XEHS: 1002-185X(2021)01-0249-06

KA R A AEYAATELR, HUMGR B &, 5 bl
PEGF SRR R, A2 BTN B2 I B RS e SR A
B, TR A 4 H B9t E ) 110 GPa, i kT4
Bl 28, FENAR A G 250 oS e, JF 5 30 i
W, BT DLR EOR R A S IE D 2 ALK, SRR S5
FAPERCE . RN, 22 FLEK A A 1) AL B 2 (R kR K
AN 2R 55 AL 5K % e — 1.
28 2 fL4x J8 IR VA AR Bk, [ AR AL BRVE,
HUTRREE, AARDIRIESS, X8 T2k H ae il pE
HLALBR S5 #4 . Bkt Cadditive manufacturing, AM)
FOREE T4 )2 00 B 2R, AR N ) o SR LA B et
(computer aided design, CAD) ALY HEAT i, feds
SEI AL B A5 R RS i 4 . OB IE XS4 (selective
laser melting, SLM) T Z RHWOCIE L RER, ¥4
JER RIEIAE R N4k, TR ENEERE %Y, & HIE
ZALEREIE A AM Bk 2 —B. Hir, SLM TZE
WeE W R 2 LRI RO vER ) B, R RS
S FE W) HAT R IR 6 v, (RS2 A N UL RE S pHL {EL

IF= HEA: 2020-02-09

AW ) S R R R, E AR TR N S ] G 2
2 F AR S AR IR, Ti6AI4V EK
i 1) A5 JE S M AR AL (V) B AR (AD B
T, HHTH AL T AR, S9lEARRIILN
N, BTSRRI KL, BRGNS Bk
2, NI A AR Bl fE T, L3 e 5 R e 2 A
(BRI H (Ta) R4 E, BARIFM
BUbk R 5 E Al v, B2 LAY S 414
fl A, Zimmer 23 7] 1 22 FLAH/IN R S O i vk i
5 R R A RO, H T 2 LR R R A
S8 T AT HIVE, I Bb i B AR 4 AT RS A L
Bt &5 440 1) 22 FLAH B AT SC R E . SLM L 2 IE I £ 4L
BHAE g B AR S SR AR AT T R PR T 5

AR S SR A T AT AR B A AL T 3
REHEAN D)2 b e . AR B R, R R
(1) 52 0B S5 AR B, AR Sk A A R AL, R
HAUBRRBAR, B R B A, R LB R
B, RERSHEATO Ak ™. FLBR G5 M R A A

EEWH: EFRAREEIS (51475293); LilgACili K4 TAE XIE4 T LIH (YG2017MS60); 128 il K244 B TA8 X 7 5 4

(YG2017MS79)
fEEEN: w7, 59,

1995 4FA=, Wit:, gASil KM 530 ) TRE#BE, 1 200240, E-mail: gaoruining@sjtu.edu.cn



* 250 - Wit e m A RS TRE

50 3%

FFEFE T =Y B AT AR e T ik, R T H o i Y
M S H R B, Ak, BN R IR =
HJAM /N1 Ceriply minimal surfaces, TPMS) fgfi% Sk
LS A% FL BTG R RS i e S, BT S ST AR FL B &5 g LI
S ESE, HAT I AAEEE . Gyroid 4544 (G R
JCER) M RAA AR IER) TPMS 254y, 2 H i
i 8] 32 1) TPMS & kg2 —112,

KWFFHT TPMS, S A R AR A2 ) 6 5 fL
Mgk, JFAIH SLM L 2R I B 5 2 FLAR/4H
WG WA, FRHEE, Micro-CT Xf £ fLEK/H
TESHEAT WL+ 38 2o A 15 285 T 44 ) 2 SE IR 0] 22 FL AR/
A VEREREAT RALE . A JH AR Sh 41 27 SEI6 0 22 FLER/
ALY A REAT VAT
1 3£ I8
1.1 GBRRiEm#E LRGSRt

G Fo g R T o e

@ = cos(2mx)sin(2my) + cos(2my) sin(2nz) +

cos(2nz)sin(2mx) = C (1)
Xy, y 2 ACREMBIRR 3 ADT7 I LRARR, CH
v g U TR I T s S 2 LS
MR H e S S(x,y,2) < C AR, S(x,y,2)>C
HALBR. W E R C 2B BT fLBR A, G BIcgi
i B & C 5L P2 LT K&

P=(0.33C+0.50)x100% (2)

B C R T ARBR T BREUN, TR R S5 4
b B FLBR R o ASHIE 5 B0 47 AR 1 R AR 1) o 52 LB
ik E R C A

C=C(x,y)=[-5.75(x* + y*)* + 3.83]x10™ 3)

ZALBRES R 8 HAR 15 mm, /5 20 mm B B AR,
FOPBILBR RN 70%, TRZALERAE R 90%, |5 4 i
FLERA N 30%,  HALBG A Hy ol 2k 1ny (5] ) i 328 7 B A1
A Methematica K TPMS #4674t & STL 4%
RIS o R 3 Magics %t STL A8 SRR A& & R
AL BE, AF2Z2 AT 3D 4TH, S = YER AN 1 for.

<A XA a

K1 AR b R ALER S5 4
Fig.1 As-designed radially graded porous scaffold: (a) top view
and (b) 3D view
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Fig.4 SEM images of porous titanium/tantalum (a, ¢) and its
magnification (b, d): (a, b) porous titanium and (c, d)

porous tantalum
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Fig.2 Porous structure made by SLM: (a, b) porous titanium and
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titanium: (a) 3D view and (b) top view
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Fig.7 Stress-strain curves of porous titanium/tantalum
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Fig.8 Deformation of radially graded porous scaffold under

different strain: (a) titanium and (b) tantalum
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cultured for 7d: (a) porous titanium (muscle cells),
(b) porous tantalum (muscle cells), (c) porous titanium
(mesenchymal stem cells), and (d) porous tantalum

(mesenchymal stem cells)
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Mechanical Properties and Biocompatibilities of Radially Graded Porous Titanium/
Tantalum Fabricated by Selective Laser Melting

Gao Ruining', Xiong Yinze', Zhang Hang', Dong Lanlan', Li Jiantao”, Li Xiang'
(1. School of Mechanical Engineering, Shanghai Jiao Tong Univerisity, Shanghai 200240, China)
(2. Shanghai Lung Tumor Clinical Medical Center, Shanghai Chest Hospital, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Radially graded porous titanium/tantalum orthopedic implants fabricated by additive manufacturing technology have golden
prospects. A cylindrical radially graded porous scaffold with an average porosity of 70% was built by the triply minimal surfaces (TPMS)
modeling methods, and the porosity gradually decreases from the central axis (90%) to the circumferential surface (30%). Selected laser
melting (SLM) process was used to fabricate this scaffold. Optical microscopy, scanning electron microscopy, and Micro-CT results show
that the SLM titanium/tantalum is consistent with the design models. The porosities of the SLM radially graded porous titanium/tantalum
are 73.18% and 68.18%, respectively. The mechanical test results show that the elastic modulus of radially graded porous
titanium/tantalum are (3.96+0.20) and (3.47+0.25) GPa, respectively, and the compressive strength are (90.83+£3.35), (93.27+1.24) MPa
respectively. Both of them are significantly higher than those of homogeneous porous titanium/tantalum. (homogeneous porous titanium
with an average porosity of 70.11% has an elastic modulus of (2.34+0.48) GPa and a compressive strength of (67.63+1.33) MPa;
homogeneous porous tantalum with a porosity of 65.39% has an elastic modulus of (1.69+0.50) GPa and a compressive strength of
(68.56+0.41) MPa). In vitro cytocompatibility experiments show that both radially graded porous titanium and tantalum have good
biocompatibility and they are suitable for the adherent and growth of mesenchymal stem cells and muscle cells. The radially graded porous
titanium/tantalum fabricated by the SLM process has more similar structure and properties to natural bone tissue than homogeneous porous
titanium/tantalum, and both of them are ideal substitutes for bone defect repairing.

Key words: triply minimal surfaces; radially graded porous titanium/tantalum; SLM; mechanical properties; biocompatibility
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