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Abstract: Porous tantalum scaffolds with the dodecahedron, G7, and cubic structures were fabricated by electron beam
powder bed fusion (EB-PBF). The influence of pore structures on the deformation behavior and mechanical properties
of porous tantalum scaffolds was investigated by compressive testing, tensile testing, three-point bending testing, and
finite element analysis (FEA). In the compressive test, the deformation of G7 and cubic scaffolds was dominated by
buckling. The dodecahedron scaffold was deformed mainly by bending, leading to its lower compressive strength. On
the other hand, the dodecahedron scaffold had superior tensile and bending properties. The uniform maximum stress
distributions of the dodecahedron scaffold in the tensile and bending tests contributed to the homogeneous structural
deformation, which delayed the fracture of struts; whereas, the maximum stresses of G7 and cubic scaffolds were
concentrated in the transverse struts, resulting in the fracture of transverse struts in the early deformation stage.
Therefore, pore structures should be properly selected for EB-PBF manufactured porous tantalum scaffolds based on the
requirements for mechanical properties.

Key words: additive manufacturing; porous tantalum scaffold; electron beam powder bed fusion; pore structure;
deformation behavior; mechanical properties

tantalum implants prepared by traditional methods

1 Introduction

Replacing damaged bone tissue with metal
implants is an effective approach for orthopedic
diseases. Porous tantalum scaffold has been
clinically used in bone tissue repair due to its
excellent corrosion resistance, high friction
coefficient, suitable mechanical properties, out-
standing osteoconductivity, and osteoinductivity [1].
With the popularization of precision medicine,
clinical requirements for the precision and
personalization of bone repair implants have
surged in recent years. However, the porous

can hardly meet these requirements anymore [2].
Additive manufacturing (AM) is a new processing
technology developed in the past decades, which
has been demonstrated to be capable of fabricating
porous implants made of titanium alloy [3,4],
stainless steel [5], and cobalt-based alloy [6].
Moreover, the external size and internal pore
structure of the porous implants can be precisely
regulated by controlling the processing parameters
of AM [7]. The AM technologies for fabricating
porous implants mainly include laser powder bed
fusion (L-PBF) and electron beam powder bed
fusion (EB-PBF) [8]. Compared with L-PBF, EB-PBF
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fabricates implants in a vacuum environment,
giving the parts a high degree of cleanliness. In
addition, EB-PBF has the advantages of high-
temperature preheating (up to 1100 °C), post-
deposition thermal compensation, and high-energy
electron beam melting, which can -effectively
alleviate the local thermal stress in the forming
process and avoid the formation of pores and cracks
in the produced components [9]. It is more suitable
for manufacturing refractory and medical metal
materials, such as tantalum.

Based on the studies of other porous metal
scaffolds manufactured by EB-PBF, porosity, and
pore structure are the key factors affecting the
mechanical properties of scaffolds [10]. With the
increase of porosity, the mechanical properties of
porous metal scaffolds decrease gradually [11].
Besides porosity, the pore structure is another major
factor affecting the mechanical properties of porous
metal scaffolds [12]. Compared to titanium alloy
and stainless steel, tantalum has lower strength but
better ductility, which makes the deformation
behavior of porous tantalum scaffolds different
from other materials [13]. Therefore, it is necessary
to systematically investigate the influence of
pore structure on the deformation behavior and
mechanical properties of porous tantalum scaffolds.
In addition, the real physiological environment is
extremely complex and unpredictable, and implants
need to bear the loads from multiple directions with
different motion states of the human body [1], and
the comprehensive mechanical properties including
property, tensile and bending
properties should also be concerned. However, few
researches have reported EB-PBF manufactured
porous tantalum scaffolds so far. The studies on
mechanical properties of porous scaffolds mainly
focused on the compressive strength of specific
pore structure. The effects of pore structures on the
compressive, tensile and bending properties remain
unclear.

In this work, the porous tantalum scaffolds
with different pore structures were produced by
EB-PBF. Compressive, tensile, and three-point
bending tests were conducted on the EB-PBF
fabricated tantalum scaffolds. The influence of
pore structures on the deformation behavior and
mechanical properties of tantalum scaffolds was
revealed, which would provide innovative insights
and inspiration for the design, preparation, and

compressive

clinical application of high-performance porous
tantalum implants.

2 Experimental

2.1 Raw powder and EB-PBF process

The spherical tantalum powder prepared by the
plasma rotating electrode process (PREP) was
supplied by Xi’an Sailong Metal Materials Co., Ltd.
The oxygen content of tantalum powder was about
0.046 wt.%. The apparent density, tap density,
flowability (relative to 50 g sample), and particle
size distribution of raw powder are listed in Table 1.
A Sailong Y150 EB-PBF system operated at the
voltage of 60 kV was used to manufacture the porous
tantalum scaffolds with different pore structures.
Before the EB-PBF process, the preparation,
involving powder loading, thermocouple calibration,
substrate leveling, and powder quantity debugging,
was completed. The beam current and scanning
speed were 17 mA and 0.4 m/s, respectively. The
contour lines and indent contour lines of section
information in each layer were scanned. Each
contour line was composed of points with a space
of 100 um. The layer thickness was 50 um, and
the vacuum pressure was lower than 1072Pa. The
substrate with dimensions of 170 mm x 170 mm x
10 mm was preheated to over 700 °C before the
EB-PBF process. The layer preheating was performed
before and after powder laying. The electron beam
current, scanning speed, and the preheating time for
layer preheating were 35 mA, 13 m/s, and 155,
respectively. After the EB-PBF process, the unfused
powder in the samples was removed by compressed
air flushing and ultrasonic cleaning.

As shown in Fig. 1, the dodecahedron with
strut angle of 35.3°, G7, and cubic were selected as
the unit cells of tantalum scaffolds. The dimensions
of the three unit cells were 2.5 mm x 2.5 mm X
2.5 mm, and the designed porosities were 87.4%,
76.9%, and 71.8%, respectively.

Table 1 Apparent density, tap density, flowability, and
particle size of tantalum powder

Apparent  Tap gy i/ Di/ Do/ Dol

density/  density/ s m m m
(gem ) (grem ) e
10.24 11.3 8.6 745 116 182

D1, Dso, and Dy are particle diameters corresponding to
cumulative volume fractions less than 10%, 50%, and 90%,
respectively
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2.2 Characterization of surface morphology and
mechanical properties

The porosity (p) of the porous tantalum
scaffold was calculated by

p=[1—(m1/m2)]x100% (1)

where m; denotes the actual mass of the porous
tantalum scaffold, m, denotes the theoretical mass
of dense tantalum with the same volume, and the
theoretical density of pure tantalum (16.68 g/cm?®)
was used.

The surface morphology of the tantalum
scaffold was characterized by scanning electron
microscopy (SEM, JSM 6460, Japan). The
compressive, tensile, and bending properties were
tested on an Instron 3369 machine at room
temperature. A digital camera recorded the response
of the scaffolds. The compressive testing was
conducted according to the ISO 13314:2011
standard, except for the dimension of the cubic
scaffold. The deformation rate was 1 mm/min. The
compressive yield strength was the compressive
0.2% offset stress from the compressive stress—
strain curve, and the compressive plateau strength
was defined as the average stress at the strain
between 20% and 30%. Tensile and three-point
bending tests were performed according to the ISO
6892—1:2009 and YS/T 1131—2016 (Chinese
Non-ferrous Metal Industry Standard), respectively,
with a speed of 2 mm/min. The tensile yield
strength and the bending yield strength were
determined identically to the compressive yield
strength. Figure 2 shows the sample schematic and
dimensions of tantalum scaffolds for compressive,
tensile, and three-point bending tests. Three
samples were used for each type of test to ensure
data reproduction.

ANSYS 2022R1
simulate the stress distributions of porous tantalum
scaffolds with different pore structures during
deformation. The multilinear plastic hardening

software was wused to

(a) (b)
Fig. 1 3D visual representations of applied unit cells: (a) Dodecahedron; (b) G7; (c) Cubic

model was conducted. The modulus and Poisson
ratio of tantalum were taken as 186 GPa and 0.35,
respectively, accordingly. The compressive yield
strength and tensile yield strength were set to be
285 and 331 MPa, respectively [14].

3 Results

3.1 Surface morphology and pore structure
characteristics

Figure 3 shows the surface morphologies of
porous tantalum scaffolds with different unit cells.
It can be observed that the geometrical structures of
the EB-PBF fabricated tantalum scaffolds are
consistent with the designed models. Three types of
scaffolds exhibit good melting quality; there are no
production defects, such as broken struts or pores
on the surface of the struts. However, partially
fused particles are observed inside the G7 and cubic
scaffolds. Since G7 and cubic scaffolds have larger
designed strut diameters than the dodecahedron
scaffolds, insufficient energy input causes the
partial melting of tantalum powder attached to the
struts. The detailed pore structure characteristics of
EB-PBF fabricated tantalum scaffolds are listed
in Table2. The average pore sizes of the
dodecahedron, G7, and cubic tantalum scaffolds are
326, 895, and 1220 pum, respectively. The statistical
strut diameters are 531, 775, and 1320 um,
respectively.

3.2 Compressive property

The compressive stress—strain curves of the
three tantalum scaffolds are shown in Fig. 4. As
shown in Fig. 4(a), due to the excellent ductility of
tantalum, no maximum stress or maximum strain
is observed in the compressive curves, which
is similar to other studies on the compressive
performance of porous tantalum scaffold [15,16].
The compressive curves of three tantalum scaffolds
can be divided into three stages, that is, elastic,
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Fig. 2 Sample schematic and dimensions for compressive
(a), tensile (b), and three-point bending (c) tests

tantalum

of porous
scaffolds with different unit cells: (a) Dodecahedron;
(b) G7; (c) Cubic

Fig.3 Surface morphologies

Table 2 Pore structure characteristics of EB-PBF

manufactured tantalum scaffolds

Structure  Strut size/um Pore size/um Porosity/%
Dodecahedron 531426 326435 70.9+0.17
G7 775440 895+42 70.2+0.32
Cubic 1320+50 1220+£52  70.33+0.21
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Fig. 4 Compressive stress—strain curves (a) and

compressive properties (b, ¢) of porous tantalum scaffolds
with different structures

platform, and compaction. Different from the
smooth platform areas of dodecahedron and G7
tantalum scaffolds, the curve of the cubic tantalum
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scaffold suddenly drops after entering the platform
stage, which is caused by the collapse of the
unit cells. The porous tantalum scaffold with the
unit cell of dodecahedron exhibits the lowest
compressive yield strength of 24.1 MPa and
compressive plateau strength of 36.1 MPa, while
the cubic scaffold has the highest compressive
properties, the compressive yield strength and
compressive plateau strength are 47.5 and 74.1 MPa,
respectively. The compressive strength of the G7
scaffold is between that of the dodecahedron and
cubic scaffolds. Compared with the dodecahedron
and G7 porous tantalum scaffolds, the deviation in
the compressive strength of the cubic scaffold is
relatively large.

Figure 5 shows the geometrical structure
evolution of three tantalum scaffolds during the
compressive testing. Under vertical loading, the

20% strain

0% strain

0% strain 20% strain

struts of dodecahedron tantalum scaffold are mainly
deformed by bending deformation, and the strut
angle decreases gradually as the compressive strain
increases. The cubic scaffold exhibits progressive
collapse behavior due to vertical struts, including
buckling and bending deformation. The buckling
deformation first takes place on the vertical struts.
When the compressive stress exceeds the yield
strength, the vertical struts are subjected to bending
deformation until some unit cells collapse. The
stress—strain curve of the cubic scaffold shows a
sudden drop trend, which is consistent with the
phenomenon reported by GAO et al [17]. Due to
the existence of inclined struts, the collapse of the
pore structure of G7 is not obvious during the
compressive test. When the vertical struts fail, the
compressive stress is transferred to the inclined
struts to cause them to bend.

30% strain 50% strain

50% strain

50% strain

+ Collapsed!
» Unitcdlls
[}

Fig. 5 Geometrical morphologies of tantalum scaffolds with different structures at strains of 0%, 20%, 30%, and 50%:

(a) Dodecahedron; (b) G7; (c) Cubic
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3.3 Tensile property

Figure 6 exhibits the tensile stress—strain
curves and tensile properties of tantalum scaffolds
with different porous structures. As shown in
Fig. 6(a), the tensile stress—strain curves of three
scaffolds are divided into the elastic, plastic, and
fracture stages. The dodecahedron tantalum scaffold
has a long plastic stage, and its tensile stress—strain
curve is smooth. In contrast, the plastic stages of
G7 and cubic scaffolds are shorter and fluctuate
continuously due to the fracture of struts. Pore
structures strongly influence the tensile properties
of tantalum scaffolds. The tensile yield strengths of
dodecahedron, G7, and cubic porous tantalum
scaffolds are 27.6, 26.2, and 18.4 MPa, respectively.
Large deviations are observed in the measured
tensile yield strength of G7 and cubic scaffolds. The
corresponding tensile strains of the corresponding
three porous tantalum scaffolds are 19.3%, 8.0%,
and 5.6%, respectively.
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Fig. 6 Tensile stress—strain curves (a) and tensile

properties (b) of porous tantalum scaffolds with different
structures

Figure 7 displays geometrical morphologies of
tantalum scaffolds during tensile testing. As shown
in Fig. 7(a), the fracture point initially appears near
the strut intersections and then propagates along
the fracture surface until the strut breaks. With
increasing the strain, multiple struts break until
the sample finally fails. The transverse struts are
first destroyed at a relatively low tensile strain
for the G7 scaffold (Fig. 7(b)). Subsequently, the
inclined struts of the G7 scaffold gradually break
like the dodecahedron one. Under the tensile stress,
the major fracture mode of cubic tantalum scaffold
is the successive break of transverse struts. In
addition, a slight torsional deformation is observed
in the tensile deformation of the cubic tantalum
scaffold.

Figure 8 displays the fracture surfaces of the
struts of three tantalum scaffolds. The fracture
surface exhibits a mixture of cleavage facets and
unfused powder, showing an obvious brittle fracture
characteristic. This phenomenon differs from the
ductile fracture characteristic of EB-PBF fabricated
dense tantalum, presenting many dimples on the
fracture surface [18]. The main reason is that the
diameter of the strut is small. Once the crack
nucleates, there are inadequate grains inside
the strut to hinder the propagation of the crack.
Hence, the strut breaks quickly without plastic
deformation.

3.4 Bending property

The bending stress—strain curves and bending
properties of porous tantalum scaffolds with
different porous structures are shown in Fig. 9. It
can be found that the curves of G7 and cubic
scaffolds drop immediately after reaching the
highest stress, while the dodecahedron has no
downward trend. The bending yield strengths of the
dodecahedron and G7 scaffolds are close, 48.8
and 47.8 MPa, respectively, and the latter has a
larger deviation. The cubic tantalum scaffold has
the lowest bending yield strength of 31 MPa and the
largest deviation.

Figure 10 displays the geometrical structure
evolution of three tantalum scaffolds during
bending deformation. During the bending process,
the dodecahedron tantalum scaffold has no obvious
fracture of the strut, which is similar to the results
observed by TANG et al [19]. In contrast, the struts
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0% strain 1.2% strain 1.8% strain 2.5% strain 6.8% strain

Fig. 7 Geometrical morphologies of tantalum scaffolds at different tensile strains: (a) Dodecahedron; (b) G7; (c) Cubic

of G7 and cubic scaffolds break during bending then the inclined struts in the same layer break.
deformation. For the G7 scaffold, the fracture After one layer is destroyed, the neighboring
initially occurs in the bottom transverse strut, and layer is broken similarly until the whole structure is
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Fig. 8 Fracture surfaces of struts of three tantalum scaffolds: (a, b) Dodecahedron; (c, d) G7; (e, f) Cubic
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Fig. 9 Bending stress—strain curves (a) and bending properties (b) of porous tantalum scaffolds with different structures

completely damaged. The
gradually break from bottom to top in the bending
for the cubic

process

transverse

scaffold. The

struts

surface

morphologies of tantalum scaffolds after bending
are shown in Fig. 11. A few cracks are found on the
bottom struts of the dodecahedron tantalum scaffold.
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Fig. 10 Geometrical structure evolution of tantalum scaffolds with different structures during bending deformation:

(a) Dodecahedron; (b) G7; (c) Cubic

As shown in Fig. 11(d), similar to the tensile
fracture surface, the fracture surface of the cubic
struts also presents a brittle fracture characteristic.

4 Discussion

4.1 Effect of pore structure on mechanical

properties of tantalum scaffolds

Due to the high energy input during the EB-
PBF process, the strut diameter of manufactured
scaffold is oversized because of over-sintered
powder at the edge of the processing path. For the
scaffolds with different structures, the discrepancies
between designed and fabricated porosities are
attributed to the number of struts in each unit cell.
As shown in Fig. 1, the number of struts in each
unit cell decreases in the order of dodecahedron, G7,
and cubic scaffolds. To obtain the identical

fabricated porosity, the designed porosity of
structures decreases in the order of dodecahedron,
G7, and cubic scaffolds. According to the Gibson—
Ashby model, as the fabricated porosity decreases,
the strength of porous tantalum scaffolds
increases [20]. It is worth noting that the
mechanical properties of the EB-PBF-produced
tantalum scaffolds are lower than those with the
same porosity in the ideal state. The over-sintered
powder on the strut leads to the stress concentration,
which accelerates the failure of the scaffold. In
addition, although the fabricated porosity of the
dodecahedron scaffold is similar to that of G7
and cubic scaffolds, the design porosity of the
dodecahedron scaffold is the highest, which means
that more over-sintered powder is attached to the
struts. It enlarges the difference between the actual
and designed states.
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Previous studies proved that different pore
structures result in wvarious stress distributions,
which leads to diverse deformation behavior [21,22].
Figure 12 displays the stress distributions of
tantalum scaffolds under the identical compressive
strain of 5%. For the dodecahedron tantalum
scaffold, the maximum stress is distributed
uniformly at all inclined struts intersections. In
contrast, the maximum stresses of G7 and cubic
scaffolds are mainly concentrated on the vertical
struts. When the specimen is subjected to the axial

Yu GUO, et al/Trans. Nonferrous Met. Soc. China 33(2023) 37253738

force, the intersections of the dodecahedron
scaffold gradually approach, and the strut angle
decreases. Inclined struts are deformed by bending
at the initial stage of compressive deformation
until the scaffolds are compacted (Fig.5(a)). In
comparison, the vertical struts of G7 and cubic
scaffolds are deformed by buckling, manifested as
instability of struts in Fig. 5(b) and Fig. 5(c). In
the study of EB-PBF fabricated porous TisAlsV
scaffolds, it was found that scaffolds dominated
by buckling deformation show the relatively high

Fig. 11 Surface morphologies of tantalum scaffolds with different structures after bending: (a) Dodecahedron; (b) G7;

(¢, d) Cubic
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Fig. 12 Stress distributions of tantalum scaffolds at identical compressive strain of 5%: (a) Dodecahedron; (b) G7;

(c) Cubic
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compressive properties [10]. Therefore, the G7 and
cubic tantalum scaffolds have higher compressive
properties than the dodecahedron one.

Figure 13 shows the stress distributions of
tantalum scaffolds at the tensile strain of 5%.
Similar to the compressive state, the maximum
stress of the dodecahedron sample is uniformly
distributed at the intersections of struts, and the
maximum stresses of G7 and cubic samples are
concentrated on the transverse struts. However, the
tensile yield strength and tensile strain of three
scaffolds decrease in the order of dodecahedron, G7,
and cubic scaffolds. As shown in Fig. 7(a), the
fracture point appears near the intersections of
struts until the tensile strain exceeds 11%. In
comparison, the transverse struts of the G7 and
cubic scaffolds break when the strains are less than
5% and 2%, respectively. Under the tensile loading,
the overall structure of the dodecahedron scaffold
undergoes uniform deformation first. As the
displacement increases constantly, the inclined
struts can rotate slightly around the intersections,
which can delay the fracture of the struts [23].
With further increasing the tensile strain of
the dodecahedron scaffold, a progressive fracture

Equivalent stress/MPa
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Fig. 13 Stress distributions of tantalum scaffolds at
identical tensile strain of 5%: (a) Dodecahedron; (b) G7;
(c) Cubic

evolves as the crack propagation occurs.
Unfortunately, because the procedure is extremely
rapid, the digital camera does not record the whole
process of strut fracture. In contrast, as the
dominant bearing component, the transverse struts
of G7 and cubic scaffolds experience larger plastic
deformation than their other struts, resulting in a
premature fracture in the early deformation stage.
Therefore, during the tensile test, the transverse
struts of G7 and cubic scaffolds are sensitive to the
defects such as residual pores.

As shown in Fig. 14, during the bending
deformation, for the upper surface contacting with
the indenter, the scaffold is mainly subjected
to compressive stress, including the downward
extrusion of the indenter and the extrusion between
the unit cells. Correspondingly, the lower surface
of the scaffold is mainly subjected to tensile stress,
which makes the struts of the lower surface easier
to damage. Similar to the tensile test, the transverse
struts on the lower surfaces of G7 and cubic
scaffolds are the dominant bearing components for
tensile stress, and the struts are prone to break at the
defects, as shown in Fig. 10. Due to the uniform
stress distribution, the dodecahedron scaffold can

Z
%
(a) 25; °
Equivalent stress/MPa . o
514.87 m Y
457.66 ;
e Max: 476.74 < X 10mm
34325
286.04
22883 [
17162 [
11442
57.208 I
0
(b)

Equivalent stress/MPa
514.87
5766 M
400.45
34325
286.04
22883 [
17162 |

114.42
57.208 I
0

Max: 490.25

©
Equivalent stress/MPa
514.87 Max: 504.34
5766 M —

400.45
34325
286.04

22683 |
17162 | e

Fig. 14 Stress scaffolds

during bending deformation: (a) Dodecahedron; (b) G7;
(c) Cubic
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delay the fracture of struts by structural deformation
in the bending deformation process. Hence, the
dodecahedron scaffold has higher strength and
stability than G7 and cubic scaffolds.

The failure of a porous metal scaffold is
always accompanied by structural damage and
material damage [20]. Due to the excellent ductility
of tantalum, the tantalum scaffold is gradually
compacted without fracture of struts in the
compressive test. The deformation mode is an
important factor affecting the mechanical properties
of scaffolds. In the process of tensile and bending,
the maximum stresses of cubic and G7 scaffolds are
mainly distributed on the transverse struts, and
hence the transverse struts break directly at the
defects in the early deformation stage. However, for
the dodecahedron scaffold, the fracture of struts is
delayed by structural deformation during the tensile
and bending processes. Hence, the dodecahedron
tantalum scaffold has lower compressive properties
but superior tensile and bending properties.

As shown in Fig. 12, under the same
compressive strain, the maximum stress of three
tantalum scaffolds increases in the order of
dodecahedron, G7, and cubic scaffolds, which is
consistent with testing results. However, under the
same tensile strain and bending strain, the
maximum stress of simulation results decreases in
the order of cubic, G7, and dodecahedron scaffolds,
which differs from the testing results. In the finite
element simulation, the tantalum strut is assumed to
have a smooth surface, no defects inside, and no
strut fracture during deformation. Indeed, the
surface of EB-PBF-manufactured tantalum struts is
rough and irregular, and defects such as pores are
inevitably inside. In the compressive deformation,
only structural damage occurs, consistent with the
simulation. Hence, the simulation results in
compressive deformation fit well with the testing
results. In the process of tensile and bending,
imperfections promote material damage, which
differs from the simulation. Therefore, the tensile
strength and bending strength of G7 and cubic
scaffolds are significantly smaller than the
simulation results.

4.2 Comparison with human bones

Like other materials, the mechanical properties
of porous tantalum implants used in clinical
orthopedics should be compatible with human bone.

If the mechanical strengths of porous tantalum
implants are higher than those of the natural bones,
the stress shielding phenomenon will occur during
the service process, resulting in bone dissolution
around the implant [24]. If the strength of implant is
too low, it cannot effectively play a role in the
repair and reconstruction of bone tissue. Table 3
compares the mechanical properties of tantalum
scaffolds in this work and human bones. The
compressive strength, tensile strength, and bending
strength of EB-PBF manufactured tantalum
scaffolds with different structures are also higher
than those of human cancellous bone and lower
than those of human cortical bone. Consequently,
the sufficient mechanical properties of tantalum
scaffolds in this study make them suitable for
implant materials.

Table 3 Comparison of mechanical properties of
tantalum scaffolds in this study with human bones

Compressive Tensile Bending
Sample strength/  strength/ strength/ Source
MPa MPa MPa

Dodecahedron 241 276 4gg LM

study

G7 34.5 262 478 LM

study

Cubic 475 18.4 31 This

study
Human

cancellous 7.36 7.69-8 3.5 [25-27]
bone-femur
Human

cancellous  5.33-10.6 2.54 1.86—4.26 [25,28]
bone-tibia
Human

cortical 179-209 104-121 135-180 [25,29]
bone-femur
Human

cortical 183-213 126—140 131 [25,30]
bone-tibia

5 Conclusions

(1) In the compressive test, due to the excellent
ductility of tantalum, no fracture of struts
occurs until the scaffolds are compacted. The
dodecahedron scaffold is deformed mainly by
bending. The G7 and cubic scaffolds are dominated
by buckling, leading to better compressive
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properties than the dodecahedron scaffold.

(2) The dodecahedron tantalum scaffold
exhibits better tensile and bending properties than
the G7 and cubic scaffolds in tensile and bending
deformation. The maximum stress dodecahedron is
uniformly distributed at the intersections of struts,
resulting in homogeneous structural deformation
before the fracture of the struts. However, as the
dominant bearing component, the transverse struts
of G7 and cubic scaffolds break in the very early
deformation stage.

(3) The mechanical properties of three types of
tantalum scaffolds fall between those of the cortical
and cancellous bones, indicating that they are
suitable for implant materials.
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