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Castable Composite Explosives (DXC-01)
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Abstract: The present work summerizes the results obtained during the slow cook off
phenomenon to study the thermal stability of castable plastic bonded explosive (PBX-
DXC-01). A method was developed to measure accurately the kinetic and physical
parameters of this process and to establish an empirical model for cylinder blocks of
castable plastic bonded explosive systems. The empirical model is based on the theoretical
model of Zinn and Rogers which is valid for explosives only, and includes a limited
number of experiments. It predicts the critical temperatures and induction periods of ex-

plosive blocks of any size.
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Table 1. Time-to-Cook Off for PBX-DXC-01 Data (Es*=35. 27 keal/mole)

SCO run Sample size, cm Oven Time-to-Cook Off | Time-to-Reaction 10° X 1
number Diam Length temp. C Hours Minutes Hours Minutes T,
84-11-15 3.2 7.6 159.0 3 40 2 2 2.314
84-12-11 3.2 7.6 150.0 8 57 6 36 2.364
84-11-19 3.2 7.6 142.0 23 45 21 25 2.409
84-01-21 3.2 7.6 142.0 20 39 18 26 2.409
84-12-04 3.2 7.6 130.0 99 45 97 28 2.481
84-12-20 517 10.2 143.0 9 58 5 56 2.369
84-12-13 57 10.2 141.0 22 32 18 27 2.415
84-12-14 5.7 10.2 128.0 103 24 97 14 2.474
85-01-14 8.3 15.2 148.5 12 47 5 35 2.373
85-01-11 8.3 15.2 140.5 21 38 13 51 2.418
85-01—-15 8.3 15.2 134.0 42 2 H 1 2.457
85-01-05 8.3 15.2 128.0 105 10 94 56 2.494
85-01-22 8.3 15.2 120.0 260 36 250 14 2.545
85-02-06 12.7 14.0 138.0 25 29 4 52 2.433
85-02-02 12.7 14.0 128.0 71 29 58 7 2.494
85-02-07 12.7 14.0 120.0 191 44 176 56 2.545
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Fig. 1. Temperature-cook off time for PBX-
DXC-01(3.2cm diameter by 7.6cm long
sample size).
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Fig. 2. Temperature-cook off time for PBX-
DXC-01(8.3cm diameter by 15.2cm long
sample size).
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Fig. 3. Temperature-cook off time for PBX-
DXC-01(12. 4cm diameter by 14. Ocmlong
sample size).
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Fig. 5. Correlation and extrapolation of slow
cook off data for PBX-DXC-01.
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Table 2. Parameter of PBX-DXC-015

Term PBX-.DXC-01
Activation energy (Ea®), kcal/mole 35.27
Frequency factor(A), sec™ 3.8x 10"
Heat of reaction(Q), cal/gram 500
Density (p), gram/cm 1.57
Heat capacity(C), cal/gram-K 0.266
Thermal conductivity (1), cal /an-sec- K 3.05x 10
Shape factor (d) 2.76

Table 3. Comparision of Charateristic Critical Temperature of Experimental and Theoretical Results

for PBX-DXC-01

Cylinder (em) Thermal time Experimental Theoretical Shape factor
Dia. Leng. constant, 7 (sec) temperature (C) temperature (C) S

3.2 7.6 3.45%10° 157 154 2.15

5.7 10.2 112X 10* 146 142 2.27

8.3 15.2 2.33X%10* 139 135 2.24
12.7 14.0 5.52x 10* 131 128 2.70
17.8 20.0 10. 83 < 10* 125 122 2.70

dn=2.04+3 .37( —ZDT.. )z by L. Frank- Kamenetskii equa.tion4

24

Polymer(Korea) Vol 10, No. 1, February 1986



Tt hek Az %@’ﬂ“(DXC 01) &%

plotgt A3}l Fig. 7 3t #c} Fig. 74 &+
g 3}ekl ta=7 A o]4toll 4= cook off H=
Al7ko] ofF Aold oz (1) Aol 4 4| W2
LE9 Argo] gloemg IT/3t=0 si4te] 5l
o 2 ER F48 sfokdl iyt Aol A4E
te=7AHETT, & Y3l UALEES (3) 3 (4)

8
[~]
+—

B 58
NN
N
\§

@
(%)
T

Radius (), cm
.\.

o
<
T

@ PBX-DXC-01 Experimental
8 PBX-DXC-01 Theoretical
& RDX Theoretical (ref. 3b)

73 X 75 76 77
+x0

Fig. 6. Sample size versus characteristic
critical temperature.
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Fig. 7. Combined plot of tezs/ 7 vs.Ea*(1/Twu-
1/T,) for various explosives in five
different geometries.
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: Thermal conductivity, cal/deg-cm- sec
. Differential operator

: Temperature, K

: Density, glcm3

O v >

. Specific heat, cal/g-deg
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. Heat of reaction, cal/g

. Arrhenius frequency or pre-exponential factor,

sec!

. Activation energy, cal/mole

: Critical temperature, °C

. Gas constant, cal/mol-K

. Characteristic dimension, radius or half
thickness, cm

. Shape factor, 0.87 for slabs, 2 for cylinders,
3.32 for spheres

. Thermal time constant, =a?/a, sec

: Thermal diffusivity, =A/pc, cm2/sec

: Time to reaction, sec

. Fraction of chemical reaction

. Temperature of surroundings (oven), °C
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