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Fig.1 Rhombic dodecahedral porous structure: (a) axonometric

and (b) geometric parameters
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Table 1 Geometric parameters of rhombic dodecahedral

porous structure

UFJI/tni:;e’ Strutstj:i?eter, Aperture, Alum Porosity, PI%
100 607.1 90.59
125 582.1 85.87
150 557.1 80.47
' 175 532.1 74.55
200 507.1 68.23
225 482.1 61.65
125 935.7 89.94
150 910.7 85.88
15 175 885.7 81.28
200 860.7 76.21
225 835.7 70.71
250 810.7 64.86
150 1264.2 88.99
175 1239.2 85.31
200 1214.2 81.17
2 225 1189.2 76.64
250 1164.2 71.73
275 1139.2 66.49
300 1114.2 60.95

~

i Upper rigid plane

<—— Model

Lower rigid plane

2 R4 E AR

Fig.2 Model of compression simulation

SIS AE (RN TIBAIAV ELL # K, HALZE R
AR 2 Frs. B3 MORIRONIESE, H BRI AR
F 0.8 (MR NT 1.5%, HAKKiE N D3p=23.0 um.
Dso=32.5 um. Dge=45.4 um, FA%EZE Ny 2.5 g/lcm?,
PRSLH N 2.82 glem®, B /RTHE N 38.65/50 g, EA
BT 0k R BN 1

K F Concept Laser M2 4T EQHLXT % 4L Ti6AI4V &
& A AT AT &, R4 B SR e A A = 4T
[ FESI N 101010 MR BB 2 S 8OO

% 2 TIi6AI4V ELI KR ILFEM S
Table 2 Chemical composition of Ti6AI4V ELI powder (/%)

N C H Fe o} Al \% Ti

0.012 0.012 0.0052 0.17 0.12 6.48 396 Bal.
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3 Ti6AI4V ELI & &8 RIS
Fig.3 Microscopic morphology of Ti6Al4V ELI alloy powder
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Unit size/mm

100 125 150 175
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TR H U oE RT3 29 K 100 pmee 3 AOX — i 22 1)
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2.1

Strut diameter/um
200
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Kl 4 SLM s £ 1L TiBAIAV & & R4 4
Fig.4 Compression specimens of porous Ti6Al4V alloy formed by SLM

5 AFEHBICR T ST EAR 150 pm A4 1 FLETE S

Fig.5 Pore morphologies of specimens with 150 pm strut diameter at different unit sizes: (a) 1 mm, (b) 1.5 mm, and (c) 2 mm
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B Unit size 2 mm 300
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Fig.6 Simulation value of compressive strength: (a) designed strut diameter and (b) formed strut diameter
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Fig.7 Compressive stress-strain curves of specimens with different unit sizes: (a) 1 mm, (b) 1.5 mm, and (c) 2 mm
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FE AT O BB, AT AR B2 R R BRS FE  B T SO B
AT R ZAME, DAIRTS BN HER 15 1 45 R
2.4 BAIZF TiBAIA & MRS

A BZ 5 [ 470 58 5 7F 100~230 MPa 2 [/, i
PEARE B AE 2~20 GPa 2 [AP°, b I 45 Se 6 45 5L AT 40 4E 3
Tt 80 RO, 3100 RS 1.6 mm 341 ) 2 1
RE5 AR R R B ORI, TRk FL 34T 820 Tk
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B &R .
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Table 3 Compressive strength and elastic modulus of as-formed

specimens
Unit size, Strut diameter, Compressive Elastic
U/mm S/um strength/MPa  modulus/GPa

100 127.33 2.97

125 298.91 4.83

1 150 386.55 5.69
175 484.73 6.15

200 524.24 6.33

225 568.86 6.51

125 78.16 1.74

150 118.65 2.65

15 175 154.32 3.18
' 200 185.42 3.52
225 221.08 3.91

250 242.94 4.17

150 44.67 1.15

175 58.60 1.47

200 73.37 1.73

2 225 89.38 1.96
250 104.10 2.17

275 12251 2.40

300 136.33 2.58

Specimen
As-formed
As-annealed -

AL s A A A SO (0 e M W 280 P ol , BB I
THI. B9 NRE IR K )G H It RS 1.5 mm 4
TER4E 5 (1 2 W5 E, BT DU R Y s 78 4
JERERIR B =, B R PUA B, FEEA B2 SO
TG, TR K5 R TR 40 5 T AR X BN 52 %, BHIE T
FIBMER P T . B KSR 1R R 4 PR, 5
A AS AR LT SR B34 R B T 1.93%, s AR ST 3
Tt T 0.94%, I BASALIE BB, T B VE BT
S T HAE B BHE A A 1 RS
2.5 RAZ Ti6AI4V &€ BRBALRENE

B 10 A 25 5B K Ti6AIAV 4 4 1) XRD K
We HT o5 oM EA MR EHES T iR,
D] b e DA 3o AT S 0 3 HEAT X 4 . (HAT DL
RS AR TE B A, IR K G HIL T B A

B 11 MR T A 5B XS TiBAI4V &
SHHLES . HE 1la LA H, RS TiBAI4V
HE M BMAR EZNEIR o B IREAEL, X &l T
TE L FE VA 2D B R, B MRS K A5 o M
M EE AL oM, AR B A 58 B K 2B (R A,
LR A Z 5L TIGAIAV B & 11 5 5 A0 4 B K S 5

500

— Strut diameter 125 um

— Strut diameter 150 um
400 F—— Strut diameter 175 pm
— Strut diameter 200 pm
— Strut diameter 225 um
300 Strut diameter 250 pm

200 -

Stress/MPa

100+

0

0 10 20 30 40 50 60
Strain/%
Bl 8 3B K S il e 4 B 77 - AR it 2k

Fig.8 Compressive stress-strain curves of as-annealed specimens

Strut diameter/um

K19 A 5B KR WA 4 )5 10 2 Y5
Fig.9 Macroscopic morphologies of as-formed and as-annealed specimens after compression
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Table 4 Compressive strength and elastic modulus of as-annealed

specimens (unit size: 1.5 mm)
Strut diameter,

Compressive Elastic

S/um strength/MPa modulus/GPa
125 76.05 1.97
150 115.50 2.68
175 151.53 3.21
200 174.62 3.56
225 214.27 3.92
250 238.53 4.22

o-a'lo

op

o o |As-annealed

Intensity/a.u.

° .

30 40 50 60 70 80
2019

B 10 mMAIASHIB A Ti6AI4V & &3 XRD K%
Fig.10 XRD patterns of as-formed and as-annealed Ti6AlI4V

alloy specimens

B 11 RAEHIEKE Ti6AI4V &4l B4
Fig.11  Microstructures of as-formed (a) and as-annealed (b)

Ti6AIl4V alloy specimens
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Study on Porous Ti6Al4V Alloy Formed by Selective Laser Melting and
Its Heat Treatment

Zhang Yongdi, Wang Congyu, Wang Congwei, Yang Guang
(School of Mechanical Engineering, Hebei University of Technology and Science, Shijiazhuang 050018, China)

Abstract: Ti6AI4V alloy is the most widely used titanium alloy in orthopedics. Selective laser melting of porous Ti6AI4V alloy can
reduce its elastic modulus, reduce the stress shielding phenomenon, and promote the growth of bone tissue, but the plasticity of the formed
parts is usually low. Therefore, rhombohedral dodecahedron porous structures with unit size of 1~2 mm, aperture of 500~1200 pm and
porosity of 60%~90% were designed, and the compression specimens were formed by selective laser melting technology. The mechanical
properties were studied by compression simulation and experiments, and the effects of annealing heat treatment on the mechanical
properties and microstructure were also studied. The simulation results show that more accurate results can be obtained by error
compensation for the strut diameter of the model. The experimental results show that when the unit size is 1.5 mm, the compressive
strength and elastic modulus of specimens are between 78.16~242.94 MPa and 1.74~4.17 GPa, respectively, which are similar to the
mechanical properties of human cortical bone. After annealing at 820 <C for 2 h, the compressive strength and elastic modulus of the
specimens are basically the same as those of the formed specimens, while the plasticity is improved, so they are more suitable for
orthopedic implants.
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