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Abstract

For precise property control of sintered products, it is important to understand accurately the packing density of the
powder. We developed a packing simulation program that could make a packed bed of spherical particles having particle
size distribution. In addition, the influence of the particle shape of the actual powder on the packing density was

quantitatively analyzed. The predicted packing densities corresponded well to the actual data.
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1. Introduction

The packing of powder is important behavior in practical
powder processing in order to determine the initial
condition of the successive powder compaction. In our
previous work [1], a new computer simulation was carried
out to investigate the fundamental effect of particle size
distribution on random packing.

The actual metallic powders have distributions in both
sizes and shapes. This fact causes inevitable gaps in the
packing density between the ideal spherical powders and
the real metallic powders. In order to bridge the gaps we
have proposed a particle size-shape dispersion diagram [2]
and tried to quantitatively relate the packing density of
actual powders with the morphological properties [3-5].

In the present work, the relation between the packing
density and powder morphology is discussed according to a
packed bed model of non-spherical particles and the
packing density of the milled chromium powder is predicted
from the relation.

2. Experimental procedure

As non-spherical shaped powder, a milled chromium
powder was used. The powder samples as listed in Table 1
were prepared. The sample Cr-0 is an as-received powder
and the other samples are prepared by classifying the
powder with sieve. The packing densities of all samples
were measured.

The random packing simulation of spherical powder
having the same particle size distribution as the actual
milled chromium powder samples was carried out, and the
results obtained from the packing simulation was compared
with the measurement data (apparent and tap densities).
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Table 1. Powder samples used and their particle size
distribution data

Powder sample]  Cr-0 Cr-1 Cr-2 Cr-3 Cr-4 Cr-5
Dy[pm] 157.7 226.4 165.3 115.2 91.5 67.8
Dso[pum] 90.1 155.7 116.6 83.5 62.2 41.2
Dy,[pm] 38.2 111.2 82.1 59.6 42.8 23.5

3. Results and discussions

Fig. 1 shows the comparison between the packing
densities obtained by simulation and experimental
measurement, where PD. [-] and PD, [-] are the
apparent and tap packing densities, respectively and
PDsiy [-] is the packing density obtained by simulation.

In order to bridge the gaps, we proposed a packed bed
model[7]. This packed bed model is constituted by
imaginary shells, each of which is a ellipsoid having
vertical axis of revolution symmetry and encloses a
non-spherical particle model. The imaginary shell means
physically a space necessary for packing in a random
direction of a non-spherical particle. Since there is an
assumption that all the imaginary shells in the packed bed
have the same flakiness s [-], the model can be easily
created by reducing vertically by s times the packed bed
of the spherical particle group having the same particle size
distribution as the non-spherical one. The milled chromium
powder has flakelike shaped particles. If all the particles in
the powder have similar figures of ellipsoid that has the
same flakiness f [-] (s> f)and is inscribed with an

imaginary shell, the packing density of the packed bed
model can be theoretically expressed with Eq. (1).
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where PDps [-] is the packing densities obtained from
the packed bed model. A factor f/s [-] relates to both of
the particle shape of powder and the structure of the packed
bed. By substituting the packing density PD. or PD,
into PDps , the factor f/s can be estimated.
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Fig. 1. Comparison between packing densities obtained
by simulation and measurement.

After trial and error, we found a linear relation between
the factor f/s and the reciprocal of the mean particle size

of the powder Ds [
the following equation.
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m]. The relation is expressed with
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where 4 [ m] and B [-] are constant values. Fig. 2
shows the relation between factors f/sand 1/Ds . The

two lines indicate the results of regression analysis
according to the apparent and tap densities of powder
samples Cr-1, Cr-3 and Cr-5. The constant values 4 and
B are -4.47 and 0.899 for tap density and —6.97 and 0.787
for apparent density, respectively. Though the black
symbols in the figure are the data unused in the regression
analysis, they are also very close to the regression lines. The
first and second terms of the right side in Eq. (2) indicates a
size-dependent term and a size-independent term,
respectively. Since the value 1/Ds changes from 0.0068
to 0.0243, the absolute value of the first term changes from
0.030 to 0.109 for tap density and from 0.047 to 0.169 for
apparent density. Thus, it is obvious that the second term
(size-independent term) is the predominant term for the
factor f/s in spite of the packing mode.
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Fig. 2. Relationship between factor f/s and reciprocal
of mean particle size of the powder.

4. Summary

The random packing simulation was carried out
according to the particle size distribution of the actual
powders. The packing density of milled chromium powders
can be sufficiently predicted by combining the packed bed
model proposed, the packing simulation and the factor
relating to the particle shape and the packed bed structure.
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