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Table 1 Mean volume-surface diameter(d,,) of am-
monium perchlorate used in this study

Opening of sieve ’ d,

Symbol i (zm) ‘ (u ;;1)
a \ - 4
b | 20 - 44 40
e | 63 - 74 90
d { 125 - 149 170
e 177 - 210 280
f 250 - 297 330
g 297 - 350 | 380
h

420 - 590 i 450

a:Sample prepared by the freeze-drying method'”
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Fig 1 Relationship between d,,and ¢ o,
(d,,:Mean volume-surface diameter, ¢ 4,,:
Void fraction at loosest packing, ¢ ;.- Void
fraction at closest packing)
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(Z:Mass ratio of coarse particle, APc: Coarse particle, APf: Fine particle, R:Ratio of particle
diameter of coarse particle and fine particle)
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Table 2 Packing condition of ammonium perchlorate powder

at minimum void fraction at the loosest packing

APc | APE (}_3) (_Z)
d c 1.9 | 0.8
e | ¢ |3.1]0.8
f | ¢ |3.7]08
f | d 1908
g€ ¢ 42 0.7
g . d (22 0.8
h ¢ 50 0.8
h d 26 0.8

1

me

=)

0.498

0. 395
0. 386
0. 386
0.374
0.383
0. 355
0.355

Vaf | Va'ft | Va'f/Vaf
(em¥) | (em®) | ()
2.42 | 0.45 | 0.19
2.43 | 0.83 | 0.34
2.43 | 0.81 | 0.34
2.06 | 0.44 | 0.22
3.64 | 1.35 . 0.37
2.06 | 0.48 ; 0.24
£ 2.43 1 1.22 . 0.50
| 2.06 , 0.84 : 0.41

APc:Coarse particle APf:Fine particle

R:Ratio of particle diameter of coarse particle and fine particle

Z:Mass ratio of coarse particle
¢ max- Void fraction at the loosest packing

Vaf:Bulk volume of APf

Va'f:Bulk volume of APf occupies void in APc packing layer
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Fig 3 Relationship between Zand ¢ .,,
Zc:mass ratio of coarse particles (sample h)
Zm :mass ratio of medium particles (sample d)
Zf: mass ratio of fine particles (sample c)
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Decrease in void fraction at loosest packing of ammonium
perchlorate by means of multimodal system

Makoto KOHGA', and Yutaka HAGIHARA’

It is required to prepare AP based propellant containing large ammonium perchlorate (AP) content.
Therefore, it is necessary that the void fraction at loosest packing, ¢ g,.(~) of AP is smaller. In this
study, packing characteristics of unimodal, bimodal and trimodal AP particle systems were investi-
gated and informations of ¢ ., were obtained. These are summarized as follows: 1) In the case of
unimodal system, ¢ o, increases with decreasing particle diameter less than 300 2 m, and above that

£ uax i8 constant and minimum (¢ ., =0.391). 2) ¢ ... of bimodal system mixed AP particles is smaller
than that of unimodal coarse particle system under the three conditions described below. First, the
particle diameter of AP used is above 90 u m. Second, the ratio of particle diameter of coarse particle
and fine particle is above 1.9. Third, mass ratio of coarse particle is 0.7-0.8. ¢ ,, of bimodal system
contained AP particle, of which particle diameter is less than 40 1 m, is larger than that of unimodal
coarse particle system. This was because that small AP, of which particle diameter is less than 40 u m,
had a large apparent cohesive forces. 3) ¢ o, of trimodal system is minimum ( ¢ .,=0.336) under the
three conditions described below. First, the particle diameter of AP used is above 90 1 m. Second, both
ratios of particle diameter of medium particle and fine particle and of coarse particle and medium
particle are above 1.9. Third, mass ratio of each particle is in a certain range (coarse particle:0.65-
0.82, medium particle: 0.07-0.24 and fine particle:0.06-0.22). 4) The mass ratios at minimum ¢ 4, of
bimodal and trimodal systems can be calculated theoretically.
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