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ABSTRACT

In pressable polymer bonded explosives (PBXs), densification occurs due to rearrangement and
deformation of explosive particles during pressing. If brittle explosives are compressed till particle
fraction become higher than theoretical random close packing fraction (RCPF), bigger particles should
be fractured to fill the void. In this study, multi-modal particle system was introduced for the
decrease in possibility of particle fracture during compression expecting decrease in shock sensitivity of
highly filled pressable PBX. The experimental results showed the trimodal particle system had low
sensitivity with high density, compared to bimodal particle system.
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PBXs : plastic bonded explosives
RCP : random close packing
RCPF : random close packing fraction

RDX : research department explosive
TMD : theoretical maximum density

¥ : sphericity
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Fig. 1 Fine particle filling the vacancy between coarse

particles.

Fig. 2 Percolation of fine particles between coarse
particles.

Table 2. Volume fraction of particles with random

close packing in each particle system.

Table 3. Volume fraction and ratio of each particle in

the volume occupied by all particles (particle
size: A>B>C>D).

Monomodal system (total volume=1)

Volume of A(or B or C or D)
0.634

Total volume fraction occupied by particles
= 0.634

Bimodal system (total volume=1)

Volume of B
(1-0.634)*0.634 = 0.232

Volume of A
0.634

Total volume fraction occupied by particles
(A+B)
= 0.634 + 0.232 = 0.866

Trimodal system (total volume=1)

Volume of A| 0.634

Volume of B [(1-0.634)*0.634 = 0.232

Volume of C|{1-0.634-0.232}*0.634 = 0.085
Total volume

particles(A+B+C)
= 0.634 + 0.232 + 0.085 = 0.951

fraction  occupied by

Tetramodal system (total volume=1)

Volume of A| 0.634

Volume of B |(1-0.634)*0.634 = 0.232
Volume of C|{1-0.634-0.232}*0.634 = 0.085
{1-0.634-0.232-0.085}*0.634

= 0.031

Volume of D

Total volume fraction
particles(A+B+C+D)

= (0.634 + 0.232 + 0.085 + 0.031 = 0.982

occupied by

Particle Volume fraction of each particle
system in total volume of all particles
(%) ratio
Monom- 0,634
odal A m 100 -
(A)
0.634
A —_—— 73 | 2.7
Bimodal 0.634+0.232
(A&B) B 0.232 o | 1
0.634+0.232
0.634
A 0.634+0.232+0.085 67 74
Trimodal .
Y [— R VIRV
(A,B&C) 0.634+0.232+0.085
0.085
C 0.634+0.232+0.085 9 1
0.634
A 0.634+0.232 64 | 21
+0.085+0.031
Tetramo- 0232
B 0.63440.232 24 | 8
dal +0.08540.031
(A,B,C&
D) 0.085
C 0.634+0.232 9 3
+0.085+0.031
0.031
D 0.63440.232 3 1
+0.085+0.031
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Fig. 4 Ideal sphere (left) and real particle (right)[12].
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¥ = surface of ideal sphere / surface of real
particle
(where Vs = Vp)
=Ss/ Sp
Ss = surface of ideal sphere

Sp = surface of real particle

Fig. 3 Schematic diagrams of particle systems with
random close packing (a: monomodal, b: )
bimodal, ¢ trimodal, d: tetramodal). Vp = volume of real particle

Vs = volume of ideal sphere
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Table 4. The compositon of PBX-1 and PBX-2
pbased on volume content.
3513':373300) I DETONATOR
Volume Content(%)
s
Sample Fillers Binder System |(TMD fpvthe
254 THICK)
RDX | Al |(HyTemp + DOA) Ot onrd Ga?
365 CARDBOARD
PBX-1 |89.22 - 10.78 1.724 CONTAINER
5 TEST CHARGE
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9 PBX-1 BdAL A|xstgPct o] wf, 24 E ¢ Table 5. Densities of PBX-1 with various particle
24 (TMD the] oF 98.35%)0] Hlate] 34% ¢ system.
AA 9] W=7k TMD tiHl F 98.96% =2 W=7t _ % of
o 271819t Table 60l PBX-29] #427] S By TMD
), 2o ¥ @ A=Y ARS A5 E o size (;m) | 250 | 30
Al 2AE 2 3HE AxANA zHzE 0.0003, bimodal si]zsl ur;t;o 8.3 1 98.35+
0.0005¢] EFAAE ZE FIF U= PBX-2 ) 3.7 1 | 00004
HdYLe A X3 - 17} X B ratio
Ade AESIHAT. PEXC1A FA7pA 2 24 size (um) | 450] 30 | 5
UAA(TMD  thwl eF 98.23%)] ®lste] 34 . size ratio | 90 | 6 1 | 9896+
QAA(TMD thu] o 98.85%) A o] Ee dw trimodal ™0 1 ime 0.0003
£ ZE AL AT 5 AN oD Ue A Rl B
Apol= 34E Al EAEE MR Fe |
Ao ZAQE Ade] A7 AoE JH Z Az} Table 6. Densities of PBX-2 with various particle
s F2 2719 QAL WA A$A 2@ He system.
e 7P AL dAE AdEoE2n vAe . % of
B Particle System
Ayl $&0] FFHAIL o]A] A= M= ™D
Fgoz ool HoE Hath oYF W=y size (um) | 450 | 30
. ; N
e 289 29 F S s WEe) BF | bimodal [ tao A0 L 982
volume 0.0003
o] Eo=ee dvisty 34E AAAZE 24 ratio 3 1
i JAA HlEte F o E3% SHEE U size (im) | 450] 30 | 5
2 Aolgt A4 F Utk Table 4014 & imodal size ratio | 90 | 6 | 1 | 98.85+
Szl PBX-19 FAAMTRE A ok g%, | o | volume | [ | 00005
PBX-2= ¢F 90%l 23t webA o]#d w2 ratio
AN FFe e dede 2 FIE A9 o . _
Sate] 34 ARAZ AL Ao nlEA e Table 7. Shock sensitivities of PBX-1 with various

42 U=

Az"E =8 Bitgloko] &3
2 2S5 st FolA HMe W T
w2t steFdaAEe] dEsdE Ax
e HEE t27] i
B Zolm A&EdUE 3HE AR
PBX-1 ¥ PBX-2 gz 7} 2‘31‘ Q) 2} A o)
Hl3) =9ko T2E5Z A3l o
et M Aol fA AR EA
Table 79| 423 nke} o] 24E
PBX-1& 7]1ZX7]7] 93 LSGT gcge_:ll% 5
kbar =5 W, 34% JAAY &tHe

A Z 46 kbaro 2 UEIFOZH 2AE

LR
Dad B2

:'7]-

>ﬂl

particle system.

LSGT Results

Particle System
Number of | o 1 (kbar)
cards
bimodal 182.35+0.11 25.36+0.22
trimodal 128.67+0.083 46.93+0.152

Table 8. Shock sensitivities of PBX-2 with various

particle system.

LSGT Result

Particle System

Number of

Shock (kbar)

cards
bimodal 161.85+0.219 | 32.69+0.587
trimodal 124.78+0.197 47.92+0.372
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Fig. 7 Relationship of shock sensitivity and density.
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Fig. 8 SEM Image of PBX-1 from trimodal particle
system (scale bar: 1 mm).

Fig. 9 SEM Image of PBX-1 from bimodal particle
system (scale bar: 200 um).
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