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ABSTRACT

Measurements of thermal decompostion of PBX RH8515 [RDX(85)/HTPB(15)] under
dow and fast cook-off were peformed to determine the ignition temperature of
runaway and time-to-exploson. The experiments of cook-off are caried out with a
charge of 1.57 cnt insde a smdl cylinder test vehide (SCTV) for a heating rate (HR)
near 3.3 °C.h%, describing Sow cook-off and for a HR near 3.3 °C.min* reproducing
fast cook-off. The temperature incressing on the externa wadl of the test vehicle was
provided by convection and radiation from the internd wal of a concentric metdlic
tube wrapped with a resistance wire. A PID control system assures an amost constant
increase of temperature on the extend wadl of the cylinder tet vehicdle The
temperature of PBX RH8515 was measured usng a thermocouple a the center of the
explosve charge. The results obtained are compared with the prediction achieved using
ABAQUS 2D computer model for both HR refereed above and assuming so much a
dngle-step kinetic model, based on the Friedman andyss, as the 3-steps McGuire-
Tarver kinetic model.

Keyboards: thermal decomposition, slow cook-off, fast cook-off, ignition temperature of runaway, small
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1. INTRODUCTION

The knowledge of the response of energetic materid (EM) to the perceived of threats of
dow and fast cook-off and the effects on the environment is extremey important to
prevent potentia accidents during manufacture, storage, transport and use.

The high codsts of large scae tests with EM and maintenance of required capabilities for
that make the amdl scde tests paticular important as preliminary tests so much to
generae input data to smulation as to evauae the risks. The scde of tests used for
theemd characterisation of EM could be influenced by the falure sze and kinetic
mechanisms, which govern the thermd decompostion of EM. The geometry and
materid of the case that confine the charge and the compostion of the EM have dso a
large influence on the themd behaviour of EM. Both cvil and military explosves



charges commonly have cylinder geometry. Munitions ae produced normdly in
metdlic confinement and the new generation of insengtive munitions (IM) is based in
PBX.

The reasons presented above demand to coupling smdl scde tests with the smulation
of the thermd behaviour under dow and fast cook-off regimes. The approach between
experiments and sSmulation will be a hepful contribution to devdoping a new
philosophy of IM.

With the purpose to vaidate the kinegtic mode tha better describes the therma
behaviour of the PBX RH8515 under cook-off regimes, a smdl cylinder tes vehicle
(SCTV) with 157 cn?® size was submitted to slow and fast cook-off. The results are
compared with its obtained by smulaion [1] usng a numerica code implemented in
ABAQUS 2D computer model [2].

2. EXPLOSIVE COMPOSITIONS AND EXPERIMENTAL SETUP

The PBX RH8515 is based on a bimoda particle sze digtribution of RDX. The solid
load charge was composed by 70 wt% of RDX class A type Il and 30 wt% of RDX
class E type I, supplied by DYNO, Norway. The PBX RH8515 is a mixture of the load
charge of RDX and HTPB for a mass fraction relationship of 85/15. The densty of PBX
RH8515 is 1564 kg.m>, which represents 98% of theoretical maximum density.

The measurements of the therma decompostion of PBX RH8515 under dow and fast
cook-off were performed inside a 42CrMo4 SCTV with 157 cnt (Fig. 1). Two caps
close the SCTV: one to fix the thermocouple insde the explosive charge and the other
one to close the opening used for filling the SCTV with the PBX. The thermocouple
that controls the temperature of externad wal of SCTV is fixed a the middle of cylinder
test.

Figurel. Small Scale Test Vehicle (SCTV).



The increase of temperature on the externa wal of the SCTV is reached by convection
and radiation from the internal surface of the sted tube wrapped with a resstance wire
band with 28 Ohms (Fig 2). The temperature on the externd wal of the SCTV was
controlled by a programmable increment differentiad (PID) control system that assures
an dmogt congtant increasng of temperature. An dectric power supply provides the
current to the resistance wire. The SCTV s fixed ingde the metdlic cylinder heating
tube (Fig. 2). Figure 3 shows the main components part of the experimenta setup. The
temperature of external wall of the SCTV (Tex:) and the temperature of the PBX at the
center charge (Tint) ae measured in red time using a specific board and software.
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Figure 3. Main components parts of experimental setup.

Legend:

1— Transformer (converts power of 220V ac to 110V ac)
2 — Electrical power supply

3—PID 30880

4— Interface RS232

5—Interface CIO-DASTC



3. RESULTSAND DISCUSSION

For dow cook-off experiments caried out a quas-congant heating rate (HR) of
3.1 °C.h' was obtained an ignition temperature of runaway of PBX RH8515 near
175.0 °C, being the time-to-exploson of 2900 minutes (Fig. 4). Due to the large time
required peforming dow cook-off experiments we aso conducted some tedts
submitting the SCTV to a preiminary fast HR of 34 °Cmin' until a temperaure of
140 °C. After the time for the dtabilisation of the temperature of the SCTV and the PBX
(about 265 minutes), was restarted the increasing of temperature for a HR of
475 °C.h*". The ignition temperature of runaway of PBX RH8515 obtained under this
heating processis closed to 179.9 °C (Fig. 5).
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Figure4. Temperaturesrecordsunder dow cook -off regime: external wall temperatureof SCTV —
Tet, and center temperature of PBX — Tjpy).

In figure 4 the temperature oscillation a the beginning of dow cook-off process is
caused by the thermd inertia of the sted tube, due to the large mass of it. From 56 °C
the externd wal of SCTV and the PBX RH8515 are submitted to a quas-linear

temperature rise.

" Thethermal inertia of metallic tube has not allowed keeping the HR near 3.3°C.h™.



Slow Cook-off - PBX RH8515
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Figure5. Temperaturesrecordsunder fast cook -off regime (until about 140 °C) followed by sow
cook -off regime: external wall temperatureof SCTV — T, and center temperature of PBX — Tin).

Under dow cook-off regime the temperature of SCTV and PBX (see Fig. 4 and 5) are
veary closed. Near the ignition temperaiure of PBX RH8515 was verified a sgnificant
increase of the temperature at the center of PBX RH8515, while the temperature of
extend wal of the SCTV is mantaned in agreement with the pre-established HR.
Table 1 resumes some details about temperatures and HR verified for both dow cook-
off processes tested for the PBX RH8515. In table 1 the numbers in bold represent the
ignition temperature of runaway and time-to-explosion.

Table 1. Experimental resultsobtained for PBX RH8515 under slow cook -off regime.

Test Ramp temperature process

d PBX RH8515 Temperature Range
an : 1
N® Time range [min] Heating rate [°C.N"] Tine [°C] Tex [°C]
Singleramp of tempercture 265 205-560 205-558
1 0-801.8
Single ramp of temperature
801.8 — 2900.7 31 56.0-175.0 55.8-161.0
i ram%o_f ;im perature 204.6 209-1314 209-140.1
Stageg; iegnopg aure — 131.4-1422 140.1-139.6
2 .
Second ramp of temperature
60.5 — 260.5 4.75 1422-157.0 139.6-159.1
Second ramp of temperature 9.34 157.0—179.9 159.1— 168.7
260.5 - 380.5

When compared the ignition temperature of runaway (and time-to-exploson for the
experiment with a dngle ramp of temperature), for both experiments, with its predicted
usng ABAQUS 2D computer model for a HR of 3.3 °C.h' we observe a good
agreement with the results obtained when the 3-steps McGuire-Taver kinetic modd is



assuming (Tab. 2). Assuming the 3-steps McGuire-Taver kingtic modd the ignition
temperature of runaway of PBX RH8515 is reached near the center of the charge for a
temperature of 164.6 °C (when the minimum temperature in the charge is 159.7 °C) and
the time to ignition, from 20 °C, is 2912.7 minutes.

Table 2. Prediction results of PBX RH8515 under slow cook -off regime for HR=3.3°C.h™.

Timeto Maximum Minimum
Kingticmodel  ignition  Lemperalure  temperature ) oition |ocation
[min] achieved in achieved in
theEM [°C]  the EM [°C]
- jrrr‘?;i';t]‘;pyg g 359 1935 188.9 Center
3-steps
(McGuire and 2912.7 164.6 159.7 Center

Tarver analysis)

However the similarity of temperaiure growing in the PBX RH8515 for both kinetic
models, the results using the single-step kinetic moded, based on the Friedman analyss
[4-7], dives higher values that its from the experiments, being 10.6% for ignition
temperature of runaway and 18.8% for the time to ignition. The temperature contour
plot (Cesus degrees) ingde the SCTV and the explosive charge, just before the ignition
temperature of runaway, is shown in figures 6 and 7 for each of the kinetic modes
described above.
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Figure 6. Temperature contour plot just before Figure 7. Temperature contour plot just before
ignition, under slow cook-off, when 3-steps ignition, under slow cook -off, when the single-
kinetic McGuire-Tarver model isused. step kinetic model (Friedman analysis) isused.

Fast cook-off experiments were performed applying a HR of 3.3 °Cmin?. Figure 8
shows the temperature profiles of the external wall of SCTV and PBX RH8515 at the
center submitted to a HR = 3.3 °C.min'%, from the ambient temperature until the ignition
temperature of runaway. For both HR, table 3 shows the results for fast cook-off
experiments, obtained for the ignition temperature of runaway of PBX RH8515 and
time-to-exploson.
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Figure 8. Temperaturesrecords under fast cook -off regime (HR=3.5°C.min™): external wall
temperatureof SCTV — T, and center temperature of PBX — Tipy).

Under fast cook-off regimes exis a higher gap between the temperature at the center of
the explosve charge and the externd wal of the SCTV than its observed under dow
cook-off regimes. For the HR = 35 °C.min? the temperature gap is maintained near
14 °C. Teking into account the higher vaue of thermd conductivity of sed case in
comparison with the PBX RH8515 is seems us highly probable that the ignition process
occurs near the interface between the PBX and inner face of the SCTV. Consdering the
andl sze of the test vehicle used to cary out the experiments, it will be credible to
assume the occurrence of ignition aso near the caps.
Table 3. Experimental resultsobtained for PBX RH8515 under fast cook -off regime.

Heating rate Time until Temperature
' [min] Tint [°C] Te [°C]
3.5 51.3+202 1921+89  208.7+4.76

The experimenta results obtaned for fast cook-off are in good agreement with its
predicted by the computer moddl for a HR = 3.3 °C.min’, using the 3steps McGuire-
Taver kingic modd, which gives an ignition temperature of 194.8 °C and a time to
ignition of 59 minutes. The sngle-step kinetic modd, based on the Friedman analyss,
provides higher vdues for the ignition temperature of runaway and time than its
obtained usng the 3-steps McGuire-Tarver kinetic modd (Tab. 4), increesng the
difference with the experimentd results.



Table4. Prediction results of PBX RH8515 under fast cook -off regimefor HR=3.3°C.min™.

Timeto Maximum Minimum
—_— P temperature  temperature " .
Kinetic model |%rr:|];u£n ~chievedin  achievedin Ignition location
theEM [°C] the EM [°C]
Sngle-step Almost total
(Friedman andysiy 204 2191 218 volume
3-steps .
) Ring near
(McGuire and 59 194.8 177.8 interface

Tarver analysis)

Figures 9 and 10 show for fast cook-off regime the temperature contour plot, like in

figures6 and 7 for dow cook-off regme,
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Figure9. Temperature contour plot just before 'Figure 10. Temperature contour plot just before
ignition, under fast cook -off, when the 3-steps ignition, under fast cook-off, when the single-step
kinetic McGuire-Tarver mode isused. kinetic model (Friedman analysis) is used.

Comparing the ability of both kinetic modds to describe dow and fast cook-off regimes
it seems clear the high performance of the 3-steps McGuire-Tarver kinetic modd when
compared with the sngle-step Friedman kinetic modd. Comparing both cook-off
regimes, the 3-steps McGuire-Taver kinetic modd provides an gpproach with the
experimenta results for dow cook-off regime,

4. CONCLUSIONS

The measurement of ignition temperature of runaway and time-to-exploson of the PBX
RH8515, based in RDX and HTPB (85/15 mass percent), under dow and fast cook-off
regimes can be performed using a SCTV with 1.57 cn?. The smdl size of the SCTV
only alows the measurement of temperature a the center of explosve charge. Although
this limitetion for the measurement of ignition temperature of runaway under fast cook-
off regime, the smdl volume of explosve chage dlows assumed an ignition
temperature of runway dight higher than the temperature a the center.

An ABAQUS 2D computer modd for prediction of ignition temperature of runaway,
location and time, as dso the temperature digtribution insde the SCTV and the PBX,



for both cook-off regimes, dlows evduding the vdidation of the 3-steps McGuire-
Taver kingic modd and the dngle-step Friedman kinetic model to describe cook-off

phenomena. For dow and fast cook-off regimes the 3-steps McGuire-Tarver kinetic
modd has shown a higher gpproach with experimenta results. Although the condraints

of the trids, described in the paper, the approach with experimentd results is very

closed for dow cook-off regimes.

References

1

Chaves, F., “Study of therma decomposition process of plastic-bonded explosve
PBX RH8515", Mager Theds (in Portuguess), Mechanicd Engineering
Department, Faculty of Sciences and Technology of University of Coimbra, 2002.
ABAQUS Manud, version 5.8, Hibitt, Karlsson& Sorensen, Inc, 1998.

McGuire, R. R., Tarver, CM., “Chemica decomposition modes for the exploson
of confined HMX, TATB, RDX and TNT explosives’, Proc. 7" Internationd
Pyrotechnics Seminar, Val. |, pp. 56-64, 1981.

Friedman, H., L., J. A. Polym Science C6, p.183, 1964.

OzawaT., Thermochimica Acta 203, p. 159, 1992.

Koga N. and Mdek J, “Accomodation of the actuad solid-state process in the
kinetic modd function. Pat 2, goplicability of the empiricd kingtic modd
function to diffuson-controlled reactions’, Thermochimica Acta 282/283, pp. 69-
80, 1996.

Chaves, F., Gdis, J. C. and Simdes, P., “The influence of HTPB, DOS and IPDI
on therma decomposition of plastic-bonded explosive based on RDX”, Proc. 271"
Internationa Pyrotechnics Seminar, Grand Junction, USA, pp. 865-874, 2000.



