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Figure 1. Voronoi tessellation a) Case A 1:2:4, Al, low packing density; b) Case A 1:2:4, A6, high packing
density; ¢) Case B 1:2:8, B2, low packing density; d) Case B 1:2:8, B4, high packing density

Table 2: Packing density and structural properties of ternary powder compact

. Volume fractions Packing density . Volume fractions Packing density
X Xm Xs X Xm Xs
A1]90% | 5% | 5% 0.754 B1|90% | 5% | 5% 0.744
< A2 | 80% | 10% | 10% 0.762 o B2 | 80% | 10% | 10% 0.760
o A3 | 70% | 15% | 15% 0.767 o B3 | 70% | 15% | 15% 0.757
< A4 | 60% | 20% | 20% 0.776 @ B4 | 60% | 20% | 20% 0.779
§ A5 | 50% | 25% | 25% 0.777 § B5 | 50% | 25% | 25% 0.763
A6 | 40% | 30% | 30% 0.777 B6 | 40% | 30% | 30% 0.763
A7 | 30% | 35% | 35% 0.775 B7 | 30% | 35% | 35% 0.766
A8 | 20% | 40% | 40% 0.774 B8 | 20% | 40% | 40% 0.767
A9 | 10% | 45% | 45% 0.773 B9 | 10% | 45% | 45% 0.768

The main indicators arising from the cell analysis - topological properties, the widely used in the structural
analysis parameters, i.e. the number of edges and the number of faces and metric properties, i.e. volume per
polyhedron, surface area are compared as the corresponding probability distributions functions for various
volume fractions and size rations.

In this study a similar approach to Yi et al, 2012 was applied, thus for each property x its mean value for the
whole packing was considered , denoted as ¢x — and that for each component i namely devoted «x — where i
= L (large particles), M (medium particles) and S (small particles).
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The probability density for each component, p(x;), as well as for the total probability density for one property
are calculated isp(x).
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Figure 2 shows the distribution of the number of faces per polyhedron for Case A and B. The trend observed
in this study for the effect of volume fractions on the probability distributions functions of face number is similar
to what was described in (Yi et al. 2012). The three peaks occur in all functions although in the Case A when
the proportion of the large particles increases the peak height that corresponds to the small component
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becomes lower and vice versa for the proportion of small particles is increased. A different pattern is observed
for the Case B, where the ratio of the large component was twice higher compare to case A. The number of
faces in case B has increased dramatically compare to case A, the two peaks corresponding to medium and
small components are less visible and close to each other.

Figure 3 shows the probability distributions of the number of edges as functions of volume fractions nearly
constant and does not change with size ratio, the similar pattern was observed in Yi et al. 2012 on ternary
mixtures,. In general, the overall mean numbers of faces and edges are in the same range for different size
ratios and volume fractions, however the metric properties for each component varies significantly with volume
fractions.
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Figure 2. Distributions of face number per polyhedron for a) Case A 1:2:4 b) case B 1:2:8
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Figure 3. Distributions of edge number per polyhedron for a) Case A 1:2:4 b) Case B 1:2:8

The distributions of cell volumes are shown in Figure 4 with three peaks in both cases. Each peak
corresponds to small, medium or large components in ascending order and are distinguishable from each
other in Case A. An increase in the volume fraction increases the peak of the respectful component and thus
the other peaks are moving correspondingly. In Case B three peaks can still be observed, but the third peak is
less visible. The two other peaks are close to each other and do not tend to move with varying the volume
fractions.

Thus, the structural properties of ternary system depend not only on the volume fraction as it was previously
demonstrated by Yi et al. 2012 with the particle ratio of 1:1.8:3, but also on the change of particle size ratio.
Moreover, the dependence on the volume fraction is becoming less observable with the increasing ratio of
dominating large component (from 1:2:4 to 1:2:8 of small, medium and large components correspondingly).
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Figure 5 and 6 summarize the mean values of number of faces as a function of volume fractions for Case A
and Case B, respectively. It can be observed that for the Case B with greater volume fraction of small
component the number of faces for the large component is significantly higher compare to the Case A.

This is due to the higher number of small particles surrounds the large particles of greater sizes, thus more
interactions per each cell resulting in more faces per polyhedron of large component. Based on the above
discussion, there is a strong dependence between properties of radical tessellation and volume fractions of
ternary mixture, and this dependence is also affected by the particle size ratio.
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Figure 4. Distributions of polyhedron —related metric properties, polyhedron volume for a) Case A 1:2:4 b)
case B 1:2:8
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Figure 5. Number of faces per polyhedron of a) small components; b) medium components c) large
components as a function of volume fractions Case A (1:2:4)
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Figure 6. Number of faces per polyhedron of a) small components; b) medium components c) large
components as a function of volume fractions Case B (1:2:8)
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4. Conclusions

Relatively few studies have examined the geometric properties of ternary powder compact with different
volume fractions of particles with various sizes. In this paper microstructural features of ternary powder
compacts of spheres with two different size ratios 1:2:4 and 1:2:8 were analysed through the statistical
properties of their Voronoi cells. The packing compacts were generated by DEM with growth rate method that
allows eliminating the particles compression due to artificial forces arising in gravitational deposition method.
The overall mean numbers of faces and edges of Voronoi cells are in the same range for different size ratios
and volume fractions, however the metric properties for each component varies significantly with volume
fractions. The mean values are affected by the particle size ratios as well as by the volume fractions. These
results can further help in understanding of the packings of particles and provide structure models for
evaluating transport properties of these packings.
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