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Micro-pore structure and mechanical properties of porous titanium
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FENG Chen-dong, XIA Yu, LI Xiang, WANG Cheng-tao ( Schoo! of Mechanical Engineering,
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Abstract: Objective To study the micro-pore architecture and mechanical properties of porous titanium scaffolds
with diamond molecule structure produced by 3D print technology, so as to guide the development of 3D-prinited
porous titanium orthopedic implants. Methods Selective laser melting (SLM) and electron beam melting (EBM)
were used to fabricate porous Ti6AKV scaffolds with diamond molecule structure. The micro-pore architectures of
those scaffolds were observed using optical microscope and scanning electron microscope ( SEM) , and universal
material testing machine was used to conduct compressive test on the scaffolds. Results Both SLM and EBM
techniques had machining error and half-melted metal particles were found on the strut surface. The relative error
of strut size produced by SLM and EMB was 20.9%-35.8% and -9.1%-46.8% , respectively. The scaffold with
strut width of 0.2 mm could not be produced by EBM. The compressive strength and elastic modulus of the scaf-
fold fabricated by SLM was 99.7-192.6 MPa and 2.43-4.23 GPa, respectively. The compressive strength and e-
lastic modulus of the scaffold fabricated by SLM was 39.5-96.9 MPa and 1.44-2.83 GPa, respectively. Conclu-
sions The manufacturing precision of SLM is higher than that of EBM. Porosity is the main factor that affects the
compressive strength and elastic modulus of the scaffolds. In the same process, with the increase of porosity,
both the compressive strength and elastic modulus decrease. When the porosities are similar, the scaffolds fabri-
cated by SLM possess higher compressive strength and elastic modulus than those by SLM.
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Tab.1 Sizes of the porous titanium alloy scaffolds

R LS W/mm L/mm Z/mm BT LB 2/ %
1 0.2 0.5 0.4 80.3
2 0.4 0.8 0.8 73.3
3 0.4 0.9 0.6 74.4
4 0.4 1.0 1.0 81.5
5 0.6 1.2 1.2 73.4
6 0.6 1.2 0.8 68.8
7 0.8 1.6 1.6 74.4
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3D-manufactured porous titanium alloy scaffold with
diamond molecule structure (a) Manufactured by SLM,
(b) Manufactured by EBM
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Fig.3 Picture of porous titanium alloy scaffold with diamond mole-
cule structure under optical microscope (a) Manufactured
by SLM, (b) Manufactured by EBM

(a) SLM & (b)EBM &
El4 3DITENEASFHEMESFLENIE SEM B A ( x50 1)
Fig.4 Picture of porous titanium alloy scaffold with diamond mole-
cule structure under scanning electron microscope
(a) Manufactured by SLM, (b) Manufactured by EBM
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Tab.2 Measurement of pole width for porous titanium alloy

scaffolds
A/ SLM T-Z; AT 5 EBM T2, HIXfiR
mm W AE/ wm %/% MR/ wm 22/%
0.2 255 £12 27.5 — —
0.4 543 +40 35.8 587 £33 46.8
0.6 746 +54 24.3 584 +56 -2.7
0.8 967 +39 20.9 727 £57 -9.1
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Fig.5 The stress-strain curve of scaffold 2
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Tab.3 Comparison of porosity and mechanical properties between porous titanium alloy scaffolds manufactured by SLM and EMB

SLM T % EMB T.Z
R BtHAL SEMFL B o A WAL SENFL PR SRR
KRR/ % B/ % J&/MPa ##/GPa KRR/ % KRR/ % J/MPa ##/GPa
1 80.3 63.3+1.0 158.1+6.0  2.90 +0.53 80.3 37.3+0.9 — —
2 73.3 67.9+0.4 180.0 0.5  4.23+0.37 73.3 64.9+5.3 96.9 +3.5 2.83 £0.07
3 74.4 67.5+0.9 161.6 +7.5  3.12£0.49 74.4 70.7 0.2 84.3 £13.0 2.21%0.16
4 81.5 76.4 £0. 1 99.7 7.0 2.43 £0.52 81.5 78.3 £0. 1 39.5+3.5 1.44 +0.10
5 73.4 69.9 +0.2 157.3£2.8  4.22£0.72 73.4 68.3 +0.4 55.3+7.2 1.77 +0.31
6 68.8 65.8 1.1 192.6 9.5  3.3220.15 68.8 77.7+2.9 57.2+1.4 2.01 £0.03
7 74.4 72.8 1.2 130.5+0.4  2.50 £0.06 74.4 83.8 0.2 66.5+16.5 2.46 £0.49
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