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I ntroduction

1. In the modern era, explosives are frequentlysiparted in bulk. The Series 3 Test
3(c) (75°C test) is not representative of suchdasgale inventories. Since the test is not
adiabatic (i.e., the oven does not track the teatpez of the sample) and the sample is not
insulated, the heat losses from the sample tmits@ment are typically 100 to 200 times
larger than for Series 8 Test 8(a) (Dewar Test) Hdr example, if one assumes an
activation energy of 200 kJ mbhnd an onset temperature of 200°C, which are &yt
ammonium nitrate-based explosives, one can evaliete the test would have to be
performed at least 50°C above the transport tenyrerao be representative of bulk
transport.

2. The current Series 8 Test 8(a) is generally muohe adequate, as it addresses the
issue of scale by using a Dewar vessel that hadds=acharacteristics similar to a vessel of
approximately the same volume as large road tankszd for bulk transport. Heat loss is
also minimized by maintaining the vessel in a heéateen. The test is carried out at 20°C
above the maximum transport temperature which shpubvide an adequate margin of
safety. There are some difficulties with Test 8f@wever. Firstly, several hundred grams
of material are tested, requiring that the proceche carried out remotely in a robust test
cell. Clearly a test requiring much smaller amouwftsnaterial could be carried out more
conveniently. Secondly, Test 8(a) takes at leaseek to complete, tying up facilities and
slowing down the process. A quicker test would bltul. Finally, both the 3(c) and 8(a)
Tests are pass/fail tests that give no indicatibthe margin of safety. When a test is
negative at 100°C, it would be useful to know étmal runaway would start at 105°C or
150°C, for example.

3. Many of the inadequacies of Test 3(c) and Tds) 8an be overcome using
accelerating rate calorimetry (ARC). At the Canadixplosives Research Laboratory
(CERL), we have been using ARC to test the thestadlility of a wide variety of energetic
materials for many years. ARC is a well-establiskechnique for assessing the thermal
hazards of energetic chemicals [2] and has a fidglyeloped ASTM procedure [3]. Many
other laboratories have commercial ARC instrumeARC experiments typically require
0.3 to 3 g of energetic material, depending onetkigected level of energy release, and can
be carried out in a normal laboratory environm@&iie experiments take only 1-2 days and
have the further advantage that they provide a uredonset temperature. Furthermore, as
ARC is an adiabatic technique, it simulates bulkrgities of material and generates less
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waste energetic material for which disposal is rof@ issue. We have demonstrated that
ARC gives comparable thermal onset temperature®dwar calorimetry for blasting
explosives [4].

Experimental

4, Figure 1 shows a schematic diagram of one ofARE instruments we currently
have at CERL. This calorimeter has top and botteatians, each having integrated heaters
and thermocouples.
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Figure 1. Schematic diagram of an ARC instrument
5. The sample is usually contained into a smallthildwalled spherical vessel (about

10 mL internal volume) made of titanium or staislegeel. This vessel is securely mounted
under the top section of the calorimeter. A madif@hich connects the vessel to a pressure
transducer passes through the body of the toposeciihroughout the experiment, the
temperature of the sample is probed by a thermdeoumbpose tip is attached to the bottom
of, or inserted within, the sample vessel. When shmple has been installed, the top
section is lowered onto the bottom section, thasiph the sample vessel in a rugged steel
jar installed within the bottom section of the calweter. In this jar, a circular radiant heater
is positioned so as to heat up the sample vesseronty. All heaters and thermocouples
are interfaced with a controller that ensures thatsample and both calorimeter sections
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are always held at the same temperature. The metrtis housed in a protective enclosure
so that experiments can be performed in a labgra&avironment.

6. For the purpose of determining the onset tentperdor thermal runaway, of the
apparatus is operated in what is known as the WM&at-Search mode (HWS). The
calorimeter and sample are first brought up todhsired starting temperature. Once the
temperature is stable, the system looks for sedfthg of the sample, as measured by the
thermocouple attached to the sample vessel. Satfrteis defined by a self-heating rate
(R) greater than a pre-selected threshold valuga(lys0.02 °C mift). The temperature of
the system is then raised by increments (typicail every 30 minutes) until self-heating
is detected; experiments typically take 1-2 daysce self-heating is detected, the
temperature of the calorimeter is increased to Imtdte temperature of the sample. In this
way, no heat is lost to heating the bulk of thdrimsent i.e. the experiment is adiabatic.
Some heat is lost to raising the temperature oktmple vessel, but this can be corrected
for relatively simply [2]. As a result of these adatic conditions, the onset temperatures
measured by ARC using 0.3 to 3 grams of sample rimhtare generally quite
representative of those that would be experientédlandustrial scales.

7. Since the sample vessels have relatively loryrerrow necks, care is needed to
make sure that the sample rests at the bottomeofebksel, where the sample thermocouple
tip is positioned. As a result, we have developadous simple techniques to introduce
energetic materials of widely varied rheologiesrectly into the sample vessels. For

example, liquids are generally slowly syringed itlb@ vessel using large-bore needles
depending upon sample viscosity; for powder samgles inner diameter of the vessel

neck is sufficiently wide to allow use of standasite lab spatula or funnel. In our

experience, the introduction of the sample is nptactical impediment to the use of the

ARC.

Results

8. Figure 2 shows the results of a typical ARC eixpent with pentaerythritol
tetranitrate (PETN). The sample is initially heated00°C. The temperature is then raised
in 5°C increments until self-heating is detecteguat over 150°C. The temperature of the
sample is then allowed to rise, tracked by the tzatpre of the calorimeter. It should be
noticed that the negative slope observed just bdfis happens is due to the melting of the
sample.lThe reaction was quenched by rapid codimze the self-heating rate exceeded
1°C min-.

9. In this particular case, the system was closetithe pressure build-up monitored;
experiments can also be carried out in an openigumation, where the sample vessel is
vented to atmosphere. In closed experiments, we liae additional flexibility of being
able to change the initial pressure and the atmeyspised.
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10.  Figure 3 shows the thermal runaway from Figlrelotted as self-heating rate vs.
temperature. Plots of this kind clearly demonstifte accelerating nature of the self-
heating as the temperature increases. They alsw allshort extrapolation to a “zero” self-
heating rate. We use this extrapolated value asttiset for thermal runaway. The rate vs.
temperature information can also be used to exirdormation on the kinetics of the
reaction, although we typically are mostly inteeglsin the onset temperature: with most
operations involving energetic materials, it isumsed that runaway is inevitable once the

onset temperature is reached.
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Figure 3. Plot of the self-heating rate vs. temperature for the experiment of Figure 2.
on PETN



UN/SCETDG/37/INF.42

11. For slightly energetic chemicals, ARC experiteeare generally allowed to run to
completion (i.e. recording of the complete exotherRror explosives, this is not advisable,
as the runaway reaction can be very violent, regpin the rupture of the sample vessel
and damage to the apparatus. At CERL, we mininfizeprobability of runaway reactions
by limiting sample sizes and quenching the reactiith compressed air cooling once the
pre-set threshold self-heating rate or the maximuessure has been reached. We carry out
over 100 experiments a year and have done so fay ngaars, with only occasional
explosions in the apparatus. The damage is ramipus and usually requires only the
replacement of inexpensive and readily availablgsp@nostly the radiant heater and the
sample thermocouple), and recalibration of the eggpa. Any runaway events are easily
contained within the apparatus and pose no hapasgdrators.

12.  Other examples of ARC results for some varnidtgnergetic materials are shown in
Figure 4. Black powder (a) is a granular powderdusea wide variety of applications. In
particular it is very often used as a lift charge fireworks. RDX (b) (1,3,5- trinitro- 1,3,5-
triazacyclohexane) is a fine crystalline powdeis la very powerful explosive used mostly
in military applications. Sample (c) is a so-caltbalible-base propellant composed of high-
nitrogen-content nitrocellulose (NC) and nitroglsioe (NG). It was tested in the form of
flakes. Sample (d) is a low-viscosity, unsensitibedk emulsion product (19 mass % of
water). Duplicate testing has demonstrated gootbdeibility of the onset temperatures,
within the stated precision of the measurements [4]
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Figure 4. Typical examples of ARC results for some variety of energetic materials: (a)
black powder; (b) RDX; (c) Double-base propellant; (d) Unsensitized bulk emulsion.
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Proposal

13.  We propose that the Explosives Working Groupsiters the ARC for addition to
the list of Series 3 and Series 8 tests, as amnatiee to Test 3(c) and Test 8(a),
respectively; we would welcome feedback from therkfg Group.
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