EfEAXFZZHMBHRI NI U
Keio Associated Repository of Academic resouces

Title Measurement of apparent density of powder
Sub Title
Author X B, 7% (Kuno, Hiroshi)
&, & 5 (Hayashi, Yoshio)
Publisher EREEBAFERILSIES
Publication year |1953
Jtitle Proceedings of the Fujihara Memorial Faculty of Engineering Keio
University Vol.6, No.22 (1953. ) ,p.59(6)- 64(11)
JaLC DOI
Abstract Apparent densities of spherical, crushed and rod-like glass powders were measured by a simple
device. Effects of container size, property of container wall, sample weight and tapping strength on
the apparent density measurement were observed. A new relation between the number of times of
falling and the apparent density was proposed.
Notes
Genre Departmental Bulletin Paper
URL https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=KO50001004-00060022-

0006

BRZZBAZEMERIRD MU (KOARA)ICIEBE M TWAR OV TUY OEFIER. ThTIOEEE, FLFLEHRLRTECREL. TOERBEHEELCELST
HREENTVET, 5IALHL>TRE, EFEEEEZETFLTIRAEZL,

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.



http://www.tcpdf.org

Measurement of Apparent Density of Powder
(Received April 10, 1953)

Hiroshi KUNO*
Yoshio HAYASHI**

Abstract
Apparent densities of spherical, crushed and rod-like glass pow-
ders were measured by a simple device. Effects of container size,
property of container wall, sample weight and tapping strength
on the apparent density measurement were observed. A new
relation between the number of times of falling and the apparent
density was proposed.

I. Introduction

The apparent density or apparent volume of powder is one of the most impor-
tant properties of powder, for it always has intimate connections with the other
properties of powder, and the other properties can not ke expressed satisfactory
without the help of it. Many measurements were reported in published articles,
but these results were given under arbitrary conditions, and since they have no
common standard, we can not compare or reproduce these results. In this paper,
so as to find a common rule, we performed several attempts to find the effects
of container size, sample weight, tapping strength or falling height and number
of fallings on the apparent densities of glass powders.

II. Experimental ‘

APPARATUS— In order to make constant conditions in tapping, we devised an
apparatus, the general description of which is given in Fig.1l.  The cylindrical
glass container, holding the powder, is placed on the moving table A, the upper
part of which is covered with hard rubber. As the cam B is rotated by the
pulley E, which is driven by a motor, A s pushed upward at constant rate and
when it comes to the highest position it falls suddenly. The falling of A is
stopped by C, and as C can be moved.up or down by the rotating screw system
D, the falling height %jof A is changeable.

MATERIAL— Three kinds of glass powder were used. The first one was
ordinary glass powder prepared by crushing glass plates in a ball mi'l. The second
one was spherical glass powder, produced from the first one by the method of
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Fig. 1. Apparatus for apparent density measurement.

Bloomquist and Clark?. The third one, which had rod-like shape, was prepared by
crushing glass wool of 8u in diameter.

These powders were classified into several fractions of sizes by sieve and
sedimentation procedures, and were washed in distiled water and in ethanol,
dried at 120° C. for about 10 hours and kept in a dessicator. The microphoto-
graphs of the spherical, crushed and rod-like powders are given in Figs. 2,3 and 4.

III. Procedure & Results

The sample, which was kept dry in dessicator, was weighed and put into the cylin-
drical glass container. This container was placed on the measuring apparatus, and
the apparent volume of the powder in each falling was read on the graduaticn
on the container. A typial change of the apparent density p. against the number
of times of falling n is illustrated in Fig. 5. The apparent density approaches to
a final value p; in that condition as the number of times of falling is increased.

1) C. R. Bloomquist and A. Clark; Ind. Eng. Chem. Anal. Ed., 12, 61 (1940)
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Fig. 5. Variation of apparent density with number of times of

falling for crushed glass powder of mean dia. 78pi falling height

5mm.; container diameter 13.5mm.

The final apparent densities of the materials measured under various sample
weights and falling heights are given in Table 1.
The effect of the container size was measured on three materials of about the
same size but different shapes held in the containersof different diameters.

Table 1. Apparent Density of Glass Powder.
pr in g-/cm® ; Diameter of Container 13.5mm.

Sample a Falling \ Spherical Glass [ Crushed Glass Rod-like Glass

Wexght | Height | mean dia. . | mean dia. p. mean length u.*
- i mm. | 71 |56 29 20 ?187 113 (78 56 36 | 152 | 145_g7|711727 (80 |47
5 7142|141 138 1381113\106 1.07 | 1.05| 0.96 | 0.78 . 0.87 | 0.89| 1.03
10 710 | 144 143 | 141 142 (115|112 [ 112 111 1.01 | 0.83 092 092 1.08
17718 145 144 142 145 116 | 114 | 1.14 | 1.13| 1.05 | 0.86 | 0.96 1098 1.10
5 . 142 142135 138 114|107 106 106 096 | 0.74 0.88 | 0.89 | 1.05
15 10 | 1.4 143 140 | 142 116 1.11 | 1.12 | 1.10| 1.01 | 0.82 092 | 0.94 4] 1.09
| 18| 145 (144 |142 145 118|116 | 115 | 1.12| 1.05 | 0.84 0.96 095 112
5 | 143 142 ! 1.36 | 1.32 | 1.13 | 1.07 | 1.07 | 1.05| 0.96 0.89 | 103
20 10 | 144 (142 1381141 (115 113|112 | 111 1.0 093 | l108
s 146 |1.44 | 141 | 143 | 118 116 | 1.16 | 113 | 1.06 095| 110
.5 144 (141 |1.35 129 113 - 1.04
25 | 10 | 144 143|139 139 115 L - 1.07
| 18 | 146 |1.44 142 143 118 ] I R B K T

* 8u. in diameter.
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Fig. 2. Spherical glass powder. (x120)
mean dia. 56u.

Fig. 3. Crushed glass powder. (x120)
mean dia. 56pu.

Fig. 4. Rod-like glass powder. (x120)
mean length 47u. diameter 8.
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The property of the container wall was changed by coating inside of a contain-
er with thin celluloid film, and the efect of the wall was tested by comparing
the measurements of this coated container and those of the ordinary glass contain-
er on three materials described above. The results given in Table 2 and 3
illusttrate the effects of container size and wall property respectively.

Table 2. Effect of Container Diameter on Apparent Density of Powder.

pr in g./cmd.
| Spherical Glass Crushed Glass | Rod-like Glass
_mean dia. p. } 56 \ 47*

Diameter of Container m'm\ 135150 29 | 135 50' 29 135150 |29
Sample Weight g. | 100 | 118 51 10077 |32 |10.0 70 ‘ 3.6
Falling 5 \141 141 143 1051101 0.99 103]097)095
Height 10 143 ' 142 145 \ L1 108\ 1.03 | 1.08 | 1.06 | 1.04
mm. 18 144 144 147 | 133 ] 113 | 113 110'111!112

* mean length, 8 in dia.

Table 3. Effect of Container Wall Property on Apparent Density of Powder.
ps in g./cnd.; Diameter of Container 13.5mm. ; Sample Weight 20g.

Sphencal Glass | Crushed Glass Rod-like Glass
mean dia. p. , O 56 4 47 L
Soezlxlclll:;d \ cor:{z:d ~‘ Wcoated ‘\ colzgad coated cozgetd B ::oated
Falling5 | 142 | 144 | 105 |7 103 | 103 | 099
Height 10 i 142 \ 145 ‘ 1.11 - 1.10 1.08 1,03
mm. 18 144 | 146 \ 113 1.15 110 |11

*mean length, 8x. in dia.
1V. Discuassion

According to a paper of the soil physics, the logarithms of the tapping number
n and the apparent density p. of the sand have a linear relation, but in our
experiments, as given in Fig. 6, the plots of log (pr—px) vs. # show a straight line.

This relation will be expressed in a equation A

—pa=A-et (1)
where, A and » are parameters which depend on the properties of powder parti-
cles and the conditions of the measurements, i. e., falling height, weight of sample
and properties of containers.

This relation was also found in other measurements of the apparent densities
of magnesium oxide powders. Although our relation contradicts to that reported
in the paper of the soil physics, we believe ours is reasonable, since it has no
fault that p. approaches to infinity as # is increased infinitely.

We can calculate p; from Eq. (1) using several data of # and p., and need not
continue the measurement to get the final apparent density. The relation between
the properties of the powder and the parameters A and # in Eq. (1) is not still
clear, but these parameters will play important roles in describing the powder
properties.

(10)
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Fig. 6. Relation between apparent density and number of times of
falling for the same material and under the same condition as Fig. 5

The apparent densities of the spherical and erushed glass powders decrease as
the particle sizes become smaller as seen in the case of ususal powders. In the
case of rod-like glass powder, however, the apparent density of the small particles
is greater than that of the big ones. This tendency of rod-like particles is due
to the change of the shapes of particles, that is, since the diameter of all rod-like
particles are constant, the shape of particles becomes more shperical, therefore
the apparent density becomes greater, with the decrease of particle length.

The results in Table 1, which show the greatest apparent dénsity for spherical
glass powders and the smallest for rod-like glass powders, can also be explained
by the sphericities of the powder particles.

The effect of the sample weight was not appreciable in the course of this
experiment.

The apparent densities measured by the container of small diameter were
smaller than that measured by the container of large diameter in the case of
crushed and rod-like glass powders. The effect of the wall property of the con-
tainer was also appreciable on both powders. But these effects were not clear
in the case of the spherical glass powder.

In any case the apparent density always became denser as the falling height
was increased. The effects of the container were cevered by the effect of the
falling height, and when the falling height was heigh no difference of the appar-
ent density caused by using different containers was observed.
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