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Table 1 Characteristics of resin balloons used in this study

Standard | Partide

: Average
Name | diameter | deviation densit;/ Structure Material Note
" (mm) (mm) | (g/em’) ‘ -
_ | i Acrylonitrile / r Expancel
RB-1| 0.053 | 0.023 | 0.027 | Monocell ASYiemtriles "o
- . Expanded
RB-2  0.472 0. 062 0.051 | Multi-cell Polystyrene polystyrene
o ;. 1 Expanded
RB-3 ;| 0.795 0. 129 0.077 | Multi-cell Polystyrene polystyrene
o . ‘ Expanded
RB-4 1 1.728 0.273 0.032 | Multi-cell i Polystyrene polystyrene
77*77777“‘;47#4&7“‘ T } o ! ‘\ ST E and d
RB-5 | 2.420 | 0.403 | 0.064 | Multi-cell |  Polystyrene | —pance
! ‘ ‘ polystyrene
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Electric detonator

Emulsion Explosive

confined in PVC pipe
130 (VP50)
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PMMA plate (1mm)
50 1 PVDF film sensor
— PMMA block
< I\>-— to Oscilloscope
@100
Fig. 1 Experimental setup for detonation pressure
measurement
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Fig. 2 Pressure profiles induced in the PVDF sensor through the PMMA plate due to the detonation of
emulsion explosives sensitized with various size of resin balloons to make the explosive density

of 1. 05g/cm’(voidage of 0. 25)
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Fig. 3 Detailed profiles for the pressure curves shown
in Figure 2
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Fig. 4 A model of pressure loading onto the pressure
sensor (Explosive density of 1. 05g/cm®)
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Fig. 5 A model of pressure loading in the pressure
sensor induced from the emulsion explosive
sensitized with large balloons of 1. 73mm in
diameter
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Table 2 The effect of balloon size on the detonation properties of emulsion ex-

plosives of 51 mm in diameter

Bal.loon diameter dp (mm)

005 047 080\173 242

Explosive density (g/cm®)

. 1.05 105 ll os 1.03 ‘l 06
6

Vondage ¢

‘Detonation veloclty Dv (m/s)

Peak pressure measured (GPa) o

Detonation pressure P (GPa)

0.25 0.26 | 0. 26 ' 0, és ‘o 26

5230 i 4480 3510 ’ 3360 2960

6.83  5.60 - 3.15 2.8 12 .53
6.9 53 28 25 21

Calculated pressure Pc; (GPa)
Admbatxc exponent vy

Fraction of AN reacted at C-J estimated E

ﬁ'om pressure P

'8.21 8.21 821 8.2 8.21
3.0 30 35 3.7 3.4

0.88 0.71 0.42 0.39 0.33

Fractlon of AN reacted at C-J estimated

from Dv

0.87 0.68 0.43 0.39 0.30

Steady reaction zone
Unsteady following flow

el ™~

Constant State

Pressure

Final State

Distance

Fig. 6 ZND model of a steady plane detonation reac-
tion zone (after Davis'”)
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Fig. 7 Impedance matching to determine the deto-
nation pressure in the emulsion explosive of
density 1. 05g/cm® sensitized with balloons of
0. 05mm in average diameter.

The Rayleigh line of reaction product is used
as the mirror reflected Hugoniot curve for the
detonation product.
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Fig. 8 Detonation preasure of emulsion explosives
sensitized with different balloon size
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Fig. 9 Fraction of ammonium nitrate reacted in the
reaction zone estimated from the detonation
pressure or detonation velocity
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Fig. 10 Pressure profiles through the PMMA plate
for the emulsion explosives of different
voidage ¢ sensitized with balloons of
0. 05mm in diameter
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Fig. 11 Pressure profiles through the PMMA plate
for the emulsion explosives of different
voidage ¢ sensitized with balloons of
0. 47mm in diameter
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Fig. 12 Detonation pressures of the emulsion explo-
sives sensitized with different amount of bal-
loons of 0. 05mm or 0. 47 mm in diameter
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Fig. 13 Fraction of ammonium nitrate reacted in
the reaction zone estimated from the deto-
nation pressure or detonation velocity of the
emulsion explosives sensitized with balloons
of 0. 05mm or 0. 47 mm in diameter to ob-
tain the different voidage ¢

Table 3 The effect of voidage on the detonation properties of emulsion explosive sensi-

tized with balloon of 0. 05 and 0 47mm in dxameter

Balloon diameter (mm) 0 05 | 0.47
Exploswe densxty (g/cm 0. 90 ! l.05 \ l 20 0. 90 1 I. 05 1.19
deageq) ‘036'025‘014 0371026 0.14
Detonation velocity Dv (m/s) 4720 | 5130 | 5890 | 4260 \ 4480 | 4300
Peak pressure measured (GPa) 1 4 81 1 6 83 ‘10 76 4.87 ‘ 5.60 | 5.40
DetyonatxonpressureP (GPa) 4.8 6.7 | 10. 5 4.5 ' 54| 4.9
Calculated pressure Pc; (GPa) ‘ 5.87 | 8.21 [11.12| 5.93 . 8 21 10.94
Adiabatic exponent yg; ‘ 3.2 1 29 2.9 2 6 , 2.9 | 3.5
Fraction of AN reacted at C-J estimated i
*frox}}pressureP 0.86 ! 0.8 | 0.96 | 0.82 0 '{2 " 0. 49
Fraction of AN reacted at C—J estnnated J 0.92 | 0.87 | 0.94 | 0.78 | 0.68 | 0.48
from Dv [ ‘
- 70 — KEEFLE
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Detonation behavior of emulsion explosives (IV)
The effects of void size and quantity on the detonation pressure

Yoshikazu HIROSAKI', Kenji MURATA', Yukio KATO', and Shigeru ITOH™

Detonation pressures were measured with a PVDF film sensor for the emulsion explosives sensi-
tized with resin balloons of five different sizes ranging from 0. 05mm to 2. 422mm in average diameter.
The effects of the size and quantity of voids in the emulsion explosive were evaluated to lead the
following results. The bigger the void size is, or the smaller the voidage is, the bigger the discrepancy
between the pressures observed and theoretically calculated. The specific heat ratio y ¢; of the detona-
tion product was about three for the emulsion explosive of voidage 0. 25 and was independent of the
void size.
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