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Effect of the geometry of the porous material pore surface on

mechanical properties
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The effect of the geometry of the pore surface in a porous material on its mechanical properties, such as Young’s
modulus and tensile strength, has been studied. The study was carried out using the molecular dynamics modeling
method using the example of porous titanium nickelide at porosity values of 52, 62.5 and 73%. It is shown that
a material with a concave pore surface has better resistance to external loads. The analysis of differences in the
morphology of materials with different surface geometries using distributions of linear pore sizes and interstitial

partitions was also carried out.
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Introduction

Porous materials are actively studied and used in many
industries and medicine [1-3]. For example, the porous
materials with the open type of pores are used for heat
insulation and as a catalyst due to the higher specific surface
area, as materials for implants because of better integration
with the live tissues. In addition to the heat insulation
properties, the materials with the closed type of pores are
used to make dampers. Mechanical and physical properties
of the porous material are determined both by the properties
of a hard matrix and the parameters of the porous system.
Such parameters include porosity, distributions of linear
dimensions of pores and interpore partitions, morphology
features. The morphology features may include the spatial
distribution of the hard matrix. Thus, papers [4,5] studied
the dependence of the mechanical properties on the even
distribution of the hard matrix along the direction of the
applied load. The Young’s modulus and ultimate tensile
strength increase was noted. This paper will study the
impact of such morphology feature as the geometry of the
pore surface at the mechanical properties of the porous
titanium nickelide.

1. Simulation details

The method of molecular dynamics simulation produced
the porous systems, the interpore partitions of which had
both convex and concave surfaces (fig. 1). Note that in
practice the morphology of the porous material with the
concave surface is obtained using gas injection into the
melt [6-8]. The morphology with the convex surface is
obtained as a result of powder sintering [9]. For every
morphology the specimens were simulated with porosity
52.0 £2.0%, 62.5+2.5%, 73.0£2.0% with the open
type of pores. The porous systems were produced with

the help of atoms removal from the crystalline base. To
obtain the porous structure with the concave surface of
the pores, ellipsoids were cut from the material with the
specified linear dimensions in a random manner. At porosity
above 50% the randomly cut pores form a network of the
crossing capillaries. The obtained morphology of the porous
structure qualitatively follows the morphology of the porous
experimental specimens [4,5]. When the porous structure
was produced with the convex surface of the pores, a
network of the crossing threads with the specified thickness
was separated from the monolithic system. Such threads
were made by continuous serial imposition of the ellipsoids
along the random trajectory. The atoms beyond the network
of the threads were removed. This made it possible to
approach the qualitative similarity of the morphology of
the porous system produced by powder sintering. All
specimens were brought into the equilibrium state for 100 ps
in the martensite phase. The interatomic interaction was
given by the potential 2NN MEAM [10]. This potential
reproduces the structure and physical properties of titanium
nickelide with good precision in the wide area of pressures
and temperatures [11,12]. The stretching took place along
axis Ox at a temperature of 300K with a strain rate
&=5-10s"! in the NVT ensemble. Such scale of strain
rates is acceptable for the method of molecular dynamics
modeling.

2. Discussion of results

For the produced porous systems the distributions of
linear dimensions of pores d and interpore partitions |
(fig. 2) were obtained, as well as their average values d
and | accordingly (table 1). The average values of linear
dimensions of pores d and interpore partitions | directly
impact the mechanical characteristics [13,14]. Based on
the data given in table 1, one can see the difference in
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Figure 1. Snapshots of the porous system with porosity 72.0 & 2.0% with convex (a) and with concave (b) surfaces.
0.05
0.04
~ 0.03
)
= 0.02

5 10 15 20
d, nm

2 4 6 8 10 12 14 16
[, nm

Figure 2. Distributions of linear dimensions of pores P(d) and partitions P(l) for systems (¢ = 62.5 +2.5%) with convex (g, b)

and concave (c, d) surfaces.

the average linear dimensions of the pores and interpore
partitions for the systems with the same porosity, but
different curvature of the pore surfaces. Thus, at porosity
of 52.0 +2.0% the average linear size of the pores for
the convex surface of the pores is 20% less than for the
concave one. In its turn the average linear dimensions of
the interpore partitions are the same. But at porosity of
62.5 £ 2.5% the average linear size of the pores for the
convex surface of pores is 21% larger, and the average linear
size of the interpore partitions is larger by 41%. At porosity
of 73.0 = 2.0% the trend changes again. The average linear
size of the pores and interpore partitions for the convex

surface is smaller by 6.5 and 9.5% accordingly. Based on
the produced data during this study, the correlation between
the morphology of the porous material surface and average
linear dimensions of the pores and interpore partitions was
not found. The latter to a large extent are determined by
the porosity value of ¢. But the shape of distributions of
the linear dimensions of the pores and interpore partitions
differs. For the systems with the concave surface, there is a
marked dome-shaped maximum for the distribution of the
linear dimensions of pores. Besides, the distribution of the
linear dimensions of the interpore partitions is characterized
by the presence of preferably thin partitions, which is
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Table 1. Parameters of produced porous systems

Surface geometry *»,% d_, nm I_, nm
52.0+2.0 35 3.6
Concave 62.5+2.5 7.1 4.1
73.0£2.0 94 43
52.0+2.0 2.8 3.6
Convex 62.5+2.5 8.6 5.8
73.0£2.0 8.8 39

Table 2. Mechanical characteristics of produced systems

Sfe ;rlrrlfi[zz Porosity, % E, GPa out, GPa
52.04+2.0 | 16.2+£0.67 | 1.40£0.80
Concave | 62.5+£2.5 | 12.6 +£2.63 | 0.80+0.27
73.0+£2.0 | 3.20£1.74 | 0.34+£0.19
52.0+2.0 | 10.5£1.65 | 0.80 £0.20
Convex 62.5+2.5 | 6.254+2.70 | 0.69 £+ 0.20
73.0+2.0 | 1.16 £0.18 | 0.24 £0.02

designated by the monotonic diagram downtrend. For
the systems with the convex surface the situation is the
reverse, however, the top of the dome on the curve of the
partition size distribution is moved to the side of the smaller
dimensions.

Table 2 provides the values of the Young’s modulus and
the ultimate tensile strength. The Young’s modulus was
calculated as the tangent of the inclination angle of the
linear section in the stress—strain curve. The ultimate tensile
strength was determined as the maximum stress value in this
curve. It was noted that the specified characteristics were
higher for the concave surface case. It may be related to
the fact that the porous system with the concave surface
is more branched, and certain areas of the hard matrix are
the stiffening ribs. It was also noted that the ratio of the
Young’s modulus of the system with the concave surface
to the Young’s modulus of the system with the convex
surface increases as the system porosity increases. It may be
explained by the fact that with the porosity growth the hard
matrix with the convex surface becomes less even along the
identified direction, which reduces the total resistance to the
load.

Conclusion

It was shown that the geometry of the porous material
pore surfaces at the fixed porosity may not be clearly
determined using only the average values of the linear
dimensions of pores and interpore partitions. The structural
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differences may be found by analysis of the distributions
of the linear dimensions in the specified characteristics. It
was also found that the porous materials with the concave
surface have higher values of the Young’s modulus and
ultimate tensile strength compared to the materials with the
convex surface. This may be explained by a more branched
structure of the hard matrix of the material with the concave
surface and presence of the stiffening ribs therein.
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