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Table 1 Formulation of emulsion matrix

Ingredient A B
Ammonium nitrate/Sodium niirate 834 787
Hydrazine nitrate - 55
Water 11.2 110
Emulsifier/Wax 54 48
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Table 2 Microballoons used as density control

B material
. Average Particle
Material diameter(um) |density (g/cm®
GMB Glass 63 021
RMB | Polystyrene 470 _ 0.051

— Y (RMB)&# ) X5 L Y BIRBOFEHRIEDIA70 u
MOYEGIRTH ) TR TFHERIL0.051g/cm® TH %,
FNOOHMBREN % Fig. 1R ¥, 2, 73z
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BRENBumDT b4 XFFTALI =L TH5B,
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L7
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Fig. 1 Microscopic photographs of glass microbal-
loons (left) and resin microballoons (right)
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Table 3 Results of minimum burning pressure test

Emulsi } Explosive | Initial | Miximum | Miximum Ignition T_Temperature
mumnon Balloon initial pressure | pressure | temperature | delay time ! of heat wire | Remarks
matrix density | (MPa) | (MPa) () | (sec) (C)
A GMB 116 029 1.80 560 {105 | 350 Fig. 4(a)
A GMB 1.16 049 3001 650 075 | '350 Fig. 4(b)
A - 139 029 - - 1 - 4w No-burn
A RMB | 109 150 - - - - Ng;’%""
B | G6MB [ 10 049 | Failed 635 130 | 350 | Fig.4(0
B RMB | L10 029 - - - - No-burn
B RMB 1.10 o 147 - - - ! 4707‘ No-burn
A - - - . .
(Al 3%) GMB 1.16 0.29 ] 350 No-burn
A .
_gAl £ 39%) GM.B 1.16 ) 029 214 595 ! 122 470 Fig. 4(d)
A .
(Al 3%) GMB 1.16 Q_.?Q 2.00 -,.,5.2.0 101 170
A - - - . .
(A1:3%) GMB 1.16 0{9 - 359 No-burn
A ‘ .
(Al 3%) GMB 1.16 0.49 2.60 750 56 B 7-1770 Fig. 4(e)
. IE:E v T T v T v E
N == Temp. 635¢C
T P -
£t i | 8 £ | 8
% 1 :_ b 1EMPs 3 % 1o ®
g P : K’\_E g g E"
1 \\'hk—. ;J -R00
0.29MP2 i ﬁ N _I'&J M 1§U N ﬂ

Tieme (5) Tizmt ()
Fig. 4(a) P-t and T-t curves of sample A with GMB Fig. 4(c) P-t and T-t curves of sample A with GMB and
at the initial pressure of 0.3MPa Al(3%)at the initial pressure of 0.5MPa
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Fig. 4(b) P-t and T-t curves of sample A with GMB Fig. 4(d) P-t and T-t curves of sample A with GMB and
at the initial pressure of 0.5MPa Al (3%)at the initial pressure of 0.3MPa
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Fig. 4{(e) P-t and T-t curves of sample A with GMB and

Al(3%)at the initial pressure of 0.5MPa
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Fig. 5 Photograph of the partially burntsample
which contains RMB
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Table 4 Electrical energy required for ignition of emulsion explosives

Emulsion E:gp_lqsive Initial Temperat_ure Ignition
matrix Balloon nnlngl pressure | of heat wire | energy
density (MPa) () Q)

A GMB | 116 029 350 269

A GMB | 116 049 350 192

A - 1.39 0.29 470 -

A RMB | 109 1.50 450 -

B GMB | 110 049 350 333

B RMB | 110 029 470 -

B RMB | 110 147 470 -
A(Al:3%) | GMB | 116 029 350 -
A(Al:3%) | GMB | 116 029 470 03
A(Al:3%)| GMB | 116 029 470 582
A(AL:3%) | GMB | 116 | 049 350 -
A(Al:3%)| GMB | 116 049 470 323
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Table 5 Comparison of the ignition energy required for various conditions

Heater temperature (T) 340 470 :

Initial pressure (MPa) 029 049 0.29 049
A 260 192 - | -

Ignition energy B _ 333 _ _

q)e __

A (Al:3%) | No-burn - 582—-703 323

Note

*) Calculated from the equation ; Ignition energy = electrical energy supplied
for a limited length of heating wire which contacts with a charge (W) x

time for ignition (sec)

15— r or . T 1.5
[ Heating Wire: 460C |
7 © X o
£
N
&~ osl- x 3 0.5
! ¥ o x
[ %
or 1 1 A ] fiY
(] ] 10 1S
Al (%)

Fig. 6 Minimum burning pressure determined for
the emulasion explosives containing aluminum
powder of different amount
QO : burnt, X ; no burnt or partial decom-
position around the heating wire
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Table 6 Thermal conductivity of various type of emulsion explosives

Emision | Balom | Abminem | Expodye | Theml
(%) (g/cc) (W/m - K)
A Not added - 1.39 0485
A GMB - 1.16 0.362
A RMB - 121 0410
B RMB - 1.11 0373
A GMB 1.14 0.355
A GMB 1.16 0.398
A GMB 10 119 0431
A GMB 20 128 0571
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Table 7 Factor for the thermal decomposition of the emulsion matrix or emulsion explosives

Activation energy (kcal/mol) { Ln{(Frequency factor)
Emulsion matrix A 732 12.73
Emulsion explosive A 700 1194
Emulsion matrix B N 736 12.70
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Fig. 7 Ignition delay of the emulsion matrix or emul-
sion explosives
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Table 8 Oxigen balance of the emulsion explosives
containing aluminum powder

Aluminum content(%) |Oxygen balance (g/100g)
0 + 284
26 + 019
48 ' - 158
9.6 7 - 601
193 - 1492
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Fig. 8 Burning characteristics of the emulsion explo-
sives of different oxygen balance at the ini-
tial temperature of 35C
O burnt, X ; no burn or partial decompo-
sition around the heating wire
Figures near the symbol denote the approxi-
mate distance in millimeters between the heat-
ing wire and the burnt surface of the explo-
sive
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Fig. 9 Results of thermal analysis for sample A with
different oxygen balance (OB) determined
under the pressurized condition (3kg/cm?®
Differential thermal analysis (DTA) curve is
for the sample of OB=0
Thermo gravimetry (TG) curves are for the
sample of OB=~5,0 and +5
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~ Burning characteristics of emulsion explosives (1)
Pressurized vessel test

Yoshikazu HIROSAKI®, Satoru SUZUKTI®, Yasuhiro TAKAHASHI* and Yukio KATO*

The burning characteristics of the emulsion explosives in a pressurized vessel were
examined. The emulsion explosives containing glass microballoons (GMB) or resin
microballoons (RMB) as a density control material were used as sample explosives. Most of
the tests were carried out at the elevated initial temperature of around 100C to evaluate
the safety in the manufacturing process of the emulsion explosives. The emulsion explosives
sensitized by GMB caused reaction at low initial pressure down to 0.3MPa. On the con-
trary, the emulsion explosives containing RMB showed no steady reaction at the initial
pressure up to 1.5MPa. The endothermic decomposition of RMB at the pressurized and
elevated temperature condition and decrease of heat transfer from heater to sample explo-
sive by the shrinkage of RMB seem to be the major reasons for the insensitiveness of the
emulsion explosives containing RMB. The oxygen balanced composition gave the lowest min-
imum burning pressure (MBP) for the GMB-sensitized emulsion explosives containing
aluminum powder of 33 4 m. Similar conclusion was obtained from other experiments for the
effect of the oxygen balance on the burning behavior of the emulsion explosives.

(*NOF Corporation 61-1 Kitakomatsudani, Taketoyo-cho, Chita-gun, Aichi 470-

2398, JAPAN)
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