Heat Flow Calorimetry

HFCS-EM

wnisodwAs

~Z Fraunhofer

on Energetic Materials ICT

International

11" International Heat Flow Calorimetry Symposium
on Energetic Materials (HFCS-EM)

Symposium co-chairs

Dr. Manfred A. Bohn and Moritz Heil

List of abstracts

Sponsors of the 11" HFC-Symposium

TA Instruments, Eschborn, GE
( .3 Newcastle, USA

INstruments

=
% FraunhOfer Fraunhofer ICT, Pfinzal, Germany

ICT



International

20f 30

Heat Flow Calorimetry
__——
wros-en [§ = Fraunhofer
on Energetic Materials

Date: 13 May 2019

26 Contributions

The order in this list corresponds not to the order in the program schedule

Venue of 11" HFC-Symposium

Fraunhofer Institute for Chemical Technology (ICT)
Joseph-von Fraunhofer-Strasse 7
D-76327 Pfinztal-Berghausen
Germany

ICT



International

3 0of 30

Heat Flow Calorimetry

HFCS-EM

wnisodwAs

on Energetic Materials

List of exhibitors

NETZSCH Geraetebau
Wittelsbacherstr.42
D-95100 Selb
Germany

TA Instruments—Waters LLC
Helfmann-Park 10
D-65760 Eschborn
Germany

Thermal Hazard Technology- THT
1 North House, Bond Avenue
Blechley MK1 1SW
UK

\

~ Fraunhofer

ICT

Fraunhofer Institute of Chemical Technology (Fraunhofer ICT)
Joseph-von-Fraunhofer-Strasse 7

D-76327 Pfinztal-Berghausen
Germany



4 of 30

Blank determination in heat flow calorimetry

Michael Ramin, Beate Pausch and Beat Vogelsanger

NITROCHEMIE WIMMIS AG, CH-3752 Wimmis, Switzerland
email: michael.ramin@nitrochemie.com

A blank determination is an analysis of a sample without the analyte, or an analysis without a
sample, thereby going through all steps of the analytical procedure. Whereas in analytical
chemistry, regularly performing blank determinations is a basic procedure in order to avoid
systematic errors / biased results, the necessity of blank determination has not yet been real-
ized by the Heat Flow Calorimetry community.

Nitrochemie Wimmis has determined the blank value of different ampoule types over the
STANAG 4582 sequence of 10.6 days at 80 °C. It turned out that steel ampoules (with and
without glass insert) have a very small blank value (heat flow values during entire sequence
between -0.2 yW and +0.5 pW; typical total evolved heat in 10.6 days at 80 °C between 0.0
J and 0.3 J). These values are well within measurement uncertainty of the instrument and do
not significantly bias obtained results.

The blank measurements of glass ampoules (with caps), however, revealed a significant
endothermal reaction in the first few days of the HFC sequence causing significantly negative
blank values before finally approaching the baseline; this alters the HFC signal approx. by —
3.5 UW after 1 day, by —1.0 yW after 3 days, and still by —0.3 pW after 5 days at 80 °C. Typ-
ical blank value of total heat over the entire 10.6 days at 80 °C was found to be approx. -1 J.
This bias can be regarded as being acceptable for STANAG 4582 stability assessment of
propellants (fully filled ampoules = approx. 3 g sample; "intermediate” heat flow of typically
10-100 pW/g). When measuring small amounts of samples and/or materials with very low
heat production (e.g. pyrotechnics, secondary explosives, inert contact materials for compat-
ibility testing), heat flow curves might be well dominated by the blank value of the ampoule —
in such cases, the curves need to be corrected by the blank value.

Cause of the endothermal reaction of the glass ampoules has been examined and other
possible measures to prevent biased HFC results (e.g. pre-heating of the ampoules) will be
discussed.
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A simple question with complex answers - is nitroglycerine compat-
ible with boron potassium nitrate or not?

Ruth Tunnell, Mark Ashcroft, Roz Dale, Paul Davis, lan King and Dave Tod

QinetiQ Fort Halstead, Sevenoaks, Kent, UK
e-mail: RTunnell@ginetig.com

It was previously thought that the incompatibility reactions between a nitrate ester based
propellant and a material known as SR44, which is a simple mixture of boron and potassium
nitrate, was due to the oxidation and hydrolysis products of boron causing decomposition of
the nitrate esters such as nitroglycerine [1]. In order to investigate the specific reactions of
nitroglycerine with boron potassium nitrate (BPN) some additional experiments have been
conducted using accelerating rate calorimetry (ARC), heat flow calorimetry (HFC) and differ-
ential scanning calorimetry (DSC). It should be noted that BPN is the US equivalent of SR44
but in addition to boron and potassium nitrate, it also contains a polyester- based binder.

The HFC experiments have involved heating NG and BPN in close proximity to each other
whereas in DSC and ARC, the two components were in direct contact with each other. Fol-
lowing the HFC experiments, the NG was subjected to high performance liquid chromatog-
raphy and liquid chromatography / mass spectrometry to determine the concentration of NG
remaining and if any NG degradation products had formed.

Despite testing five replicates of samples under each condition the results were complicated
by a surprising variability in the data. Further investigations revealed that the BPN pellets
were contaminated with magnesium. This was established using atomic absorption spectros-
copy and it is known that one of the common contaminants of boron is magnesium. Also,
even though the NG was all from the same batch, there might have been slight differences in
the residual acid and water content in this liquid.

Additionally, the data revealed that ascertaining the compatibility of two materials is not al-
ways clear cut, as in the case of NG and BPN, it was not always unequivocal if NG was in-
compatible with BPN or not. As a result, some of the issues surrounding compatibility testing
of energetic materials using thermal analysis techniques as described in STANAG 4147 [2]
and the draft version of AOP-4147 [3] will be discussed in more detail.

References

[1] Using thermal methods to understand the interactions between a rocket propellant and an
igniter material, Journal of Thermal Analysis and Calorimetry, January 2018, Volume 131,
Issue 1, pp 379-395

[2] STANAG 4147 (edition 2), chemical compatibility of ammunition components with explo-
sives (non-nuclear applications), NATO, 2001.

[3] AOP-4147, explosives, chemical compatibility with munition components (non-nuclear
applications), NATO, ratification draft 1, 2017.
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Effect of peculiarities of DSC experiment on correctness
of the kinetics created

Arcady Kossoy

CISP Ltd, Saint-Petersburg, Russia
e-mail: kossoy@cisp.spb.ru

Influence of certain experimental factors and methods of data processing on the correctness
of the resultant kinetics is considered on the basis of dynamic model of DSC.

Firstly, essential effect of sample temperature deviation from linearity or from constant outer
temperature due to heat accumulation in the sample on reaction proceeding is discussed.
Disregard of this effect may and will be one of the reasons of obtaining the inadequate kinet-
ics. The method for calculation of temperature deviation (reconstruction of sample tempera-
ture) is proposed.

Secondly, influence of a DSC curve distortion due to thermal inertia of the cell on the results
of kinetic analysis is considered. The method for correction of this distortion (data deconvolu-
tion) is presented which can be safely used for processing of data of kinetic experiments.
Special attention is paid to the importance of data deconvolution when the kinetic experiment
is carried out under isoperibolic conditions.

Finally, the combined effect of temperature deviation and inertia-induced distortions is con-
sidered. It should be specifically emphasized that the matters under consideration are espe-
cially important when energetic materials are tested due to big heat release and rate of heat
generation. At first, all the matters are discussed on the basis of simulated data. This allows
elimination of various uncertainties of real experiment and effect of unknown kinetic model
and gives vivid illustration of the subject. Then the effects are demonstrated on the basis of
experimental data.
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Applying adiabatic calorimetry
for study of energetic materials - is it possible?

Arcady Kossoy

CISP Ltd, Saint-Petersburg, Russia
e-mail: kossoy@cisp.spb.ru

Nowadays the use of adiabatic calorimetry for study of energetic materials becomes quite
popular. It is not surprising considering that testing of these materials under extreme condi-
tions can give valuable information. Unfortunately, the correctness of such experiments is
more than questionable.

The origin is simple - energetic materials can generate huge amount of energy which doesn't
allow applying sample masses that adiabatic calorimeters were designed for because tem-
perature rise would be well above the permissible limits of the instruments. To avoid this
problem one has to use very small samples - often dozens of milligrams instead of typical 3-6
grams (figures are given for the ARC instrument). With such small samples the effective
thermal inertia of a calorimetric bomb becomes very big (more than 10-20) and temperature
rise becomes acceptable. This method gives rise to serious problems:

¢ the main principle of adiabatic calorimetry, that is thermal equilibrium between
the bomb and the sample, is violated;

e temperature profile in the sample even in very small one becomes essentially
non- uniform;

¢ the thermal inertia (phi-factor) cannot be considered as the constant, it is quite the
contrary, phi varies significantly in the course of a reaction.

These and some other related problems that impede application of adiabatic calorimetry are
the subject of discussion.
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Kinetics-based simulation of thermal explosion -
some examples of experimental validation

Arcady Kossoy, P Grinberg, O. Antonov

CISP Ltd, Saint-Petersburg, Russia
e-mail: kossoy@cisp.spb.ru

Advantages of kinetics-based simulation as the method for analysis of reactive hazards are
acknowledged. It is the most universal and in many cases the only method applicable for
hazard analysis. It specifically concerns simulation of thermal explosion when large-scale
experiments are very expensive if at all possible. Nevertheless, one can often meet certain
disbelief in reliability of simulation results. No doubt there are serious reasons for such a
disbelief because kinetics is evaluated from experimental data for very small samples (sev-
eral milligrams in DSC experiments), the simplified physical models are used for explosion
simulation, and simulation comes to quite faraway extrapolation.

That is why every case when simulation results can be validated by experiment is important
for strengthening of the confidence in simulation. As the examples of this kind are still rare it
seemed to be of interest to collect and present some existing ones which is the aim of the
presentation. The examples are mostly based on the authors' own results or the results of
the users of CISP TSS software.
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Heat flow calorimetry and NSWC Crane

Sara K. Pliskin!, Ryan Ubelhor?, Cassie Hopkins?, Daniel Ellison?

! Naval Surface Warfare Center, Crane Division, 300 Highway 361
Crane, IN 47522, USA

2 Science Applications International Corporation (SAIC), )
Bloomfield 47424. Indiana, USA

e-mail: sara.pliskin@navy.mil

Naval Surface Warfare Center Crane Division has been using heat flow calorimetry
to evaluate energetic materials for over twenty-five years and building custom calo-
rimeters for unique testing situations since 1997. Currently NSWC Crane operates
approximately $2 million in heat flow calorimeters. This investment in equipment al-
lows for a wide range of capabilities from rapid screening of a batch of test samples
(up to 48 in one machine), a mercury free Vacuum Thermal Stability (VTS) option
that allows heat and gas measurement, even elaborate heat flow measurements of a
10-pound silver zinc battery under programed charge and discharge cycles, and de-
structive overcharge testing of lithium cells.

The vast majority of these instruments are custom designed and maintained here at
NSWC Crane by our calorimetry team. The instrument support capabilities have
branched out to include additive manufacturing of critical instrument components and
prototype parts. Over that time the scientists at NSWC Crane have generated three
awarded patents, many related invention disclosures and numerous presentations
and technical papers on the subject of heat flow calorimetry. It is this experience that
allows for the NSWC Crane Calorimetry Science team to create custom calorimeters
for various unique situations. This allows for the testing of prototype samples as
small as 25mg, small production representative blends or pressed pellets in the gram
scale, and even All Up Rounds from the production line containing hundreds of
grams of energetic material and weighing several pounds.

Keywords: calorimetry, heat flow, energetic
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Heat flow calorimetry of 70mm double base solid rocket motor

Ryan Ubelhor?, Daniel Ellison?, Cassie Hopkins?

Naval Surface Warfare Center, Crane Division, 300 Highway 361
Crane, IN 47522, USA

2Science Applications International Corporation (SAIC)
Bloomfield 47424. Indiana, USA

e-mail: ryan.ubelhor@navy.mil

The service and storage lifetime of a double base solid rocket motor was requalified
through the use of heat flow calorimetry of the all up motor. The motor is a small di-
ameter system of approximately 70mm diameter, below the indicated maximum di-
ameter of application for STANAG 4582. The motors are used to pull a series of high
explosive charges away from the user, detonate at or on the surface of the ground in
front of the user thus clearing a way of safe passage. The motors and assemblage
were disconnected from the high explosive charges for this testing. The solid motor
composition was of a traditional double based propellant. There were only a few as-
sets available for testing so testing the items in their original configuration to enable
function testing after calorimetry testing was highly desired. The rocket motor and
associated assemblage was first modeled in computer drafting software and printed
via additive manufacturing to aid in calorimeter fixture design and selection. The ad-
ditively manufactured prototype indicated the total displaced volume of the sample
was now greater and an additional cell modification would be needed. A modification
to a previous cell with fixed reference was completed to enable heat flow calorimetry
of the intact rocket motor and assemblage. The samples tested suggest that the
manufacturing lots of concern are safe for future storage and testing for performance.
The sample motors did show a tendency to outgas and form a mild positive pressure
inside the motor casing. This was evident through changes in the heat flow and by
visible swelling of flexible seals in the ignition pathway of the motor. The aged motors
were then attached to the tow cables and function testing with varying results.

Keywords: Heat Flow Calorimetry, Solid Rocket Motor
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Heat flow calorimetry: Innovations for test and evaluation of high
energy systems

Ryan Ubelhor?, Daniel Ellison?, Cassie Hopkins?

Naval Surface Warfare Center, Crane Division, 300 Highway 361
Crane, IN 47522, USA

2Science Applications International Corporation (SAIC)
Bloomfield 47424. Indiana, USA

e-mail: Cassie.Hopkins.ctr@navy.mil

The continually increasing demands for complimentary operation of systems, along
with the perpetual requirement to extend the service life of new and existing systems
highlights the need for test and evaluation capabilities equipped to evaluate as many
of the common characteristics as possible among the vast array of components of
any warfighter support system. This paper describes some of the innovations being
applied in the field of heat flow calorimetry to support performance, life cycle sustain-
ability, and failure characterization of several specialized high energy systems using
a broadly applicable test system.

High energy systems that use a chemical storage mechanism all have several com-
mon concerns that reach beyond their specific design application and are often a
point of contention when considering performance, lifecycle, and failure concerns of
their own and interacting systems. Most frequently, these concerns manifest as per-
formance, total life cycle or performance after environmental or age-related stress,
and of course, failure or premature activation. Each system attempts to quantify
these concerns in their own specific field of application. However, a source of com-
monality will be required to effectively evaluate these concerns when they are incor-
porated into larger systems of and of system complexes. Heat flow calorimetry has
long been used to evaluate safety, stability, and aid in determining performance crite-
ria of propellant, explosive, and pyrotechnic materials. With the advent of several in-
novations at NSWC Crane, this technique can now be applied across high energy
systems. This is made possible by the highly sensitive and nearly universal applica-
bility of this type of thermal analysis.

Keywords: Heat Flow Calorimetry Applications
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Selection of the correct experimental conditions.
Method for kinetics analysis and predictions.

Elena Moukhina

NETZSCH-Geraetebau GmbH, Selb, Germany

e-mail: elena.moukhina@netzsch.com

For kinetic analysis, prediction and simulation it is very important to select the correct
conditions for experiment and the correct kinetic method. The selected temperature
conditions very often lead to situation where the experimental data do not contain
those effects which are most important for the simulation. For example, if the experi-
ment contains only data about decomposition from the liquid phase, then the kinetic
model created for these data may be used only for liquid phase. Such model cannot
be used reliably for the decomposition in solid phase because the solid decomposi-
tion mechanism could be totally different.

Another important condition: correct selection of the experimental heating rate. Total
kinetics mechanism of the process at the isothermal conditions could be significantly
different from the process kinetics during heating. For example, often the mixture of
independent materials has independent decomposition reactions. The sequence and
weighting of these individual reactions can be different for heating and for isothermal
conditions. Therefore, the heating experiments very often have not enough infor-
mation to clearly define the behavior of this chemical system at the isothermal condi-
tion.

However, even with the correct experimental conditions, the result of kinetic analysis
could be incorrect, if the wrong kinetic method was used. It is known, that the model
free analysis can analyze only stages of the same energetic direction: either exo-
thermal or endothermal, but not both. Therefore, if the process contains reaction
steps with different energetic direction like both exothermal and endothermal, then
model-free analysis is not applicable, produces incorrect results and cannot ensure
reliable predictions and simulations. Another example with a high probability of using
the incorrect method is the process with competitive reaction steps where reaction
products and consequently energetic effects of the process depend on the heating
rate. In this case the reaction mechanism strongly depends on the heating rate and
we must be very carefully in the selection of the kinetic analysis method.

Current work contains also examples of correct and useful kinetics methods: from
model free to model based with consecutive, competitive or independent reaction
steps. The main rules for selection of the correct kinetic method are formulated. The
software NETZSCH Kinetics Neo is used as the main tool of analysis having different
kinetic methods.

Keywords: Kinetic analysis, model free analysis, kinetic model, kinetic predictions
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Continuous monitoring of shelf lives of materials by application of
data loggers with implemented kinetic parameters

Bertrand Roduit!, Charly Luyet!, Marco Hartmann?, Patrick Folly?, Alexandre Sarbach?,
Alain Dejeaifve3, Rowan Dobson?3,
Nicolas Schroeter#, Olivier Vorlet*, Michal Dabros*, Richard Baltensperger*

IAKTS AG, http://www.akts.com, Technopdle 1, CH-3960 Siders, Switzerland
Zarmasuisse, Science and Technology Centre, CH-3602 Thun, Switzerland
3PB Clermont EURENCO Group, Rue de Clermont, 176 — B-4480 Engis, Belgium
4University of Applied Sciences of West Switzerland, Bd de Pérolles 80, CH-1705 Fribourg, CH

e-mail: b.roduit@akts.com

A procedure is presented in which a track and trace system enables the continuous
evaluation of the shelf life (expiry date) of perishable goods. It can help in the optimal
storage/shipment and results in significant decrease of waste. The evaluation of the
shelf life of e.g. energetic materials, food, pharmaceutical materials, polymers at
room- or daily climate fluctuation temperatures requires the kinetic analysis at the
temperature range, which is as much as possible similar to those at which the prod-
ucts will be stored or transported. The collection of the data at these relatively low
temperatures is time and effort consuming. Therefore, only a limited number of ex-
perimental points is generally used for the evaluation of the deterioration rate. Kinetic
analysis of such sparse points requires advanced kinetic analysis based for example
on Akaike and Bayesian information criteria [1].

We compare the results of the evaluation of the shelf life of propellant and vaccine
calculated by advanced kinetics and simplified 0-th and 1-st order kinetic models.
The obtained simulations show that the application of simplified kinetics or commonly
used the Mean Kinetic Temperature approach may result in an imprecise estimation
of the shelf life. The implementation of the kinetic parameters obtained from ad-
vanced kinetic analysis into programmable data loggers allows us, in contrast to ex-
isting solutions which only monitor the temperature, the continuous, online evaluation
and the display on the smartphone of the actual extent of the deterioration of materi-
als. The proposed approach is universal and can be used for any goods, any meth-
ods of shelf life determination and any type of data loggers.

Keywords: shelf life, data loggers, internet of things, advanced kinetic analysis, pro-
pellants, vaccines.

References

[1] B. Roduit, M. Hartmann, P. Folly, A. Sarbach, R. Baltensperger, Prediction of thermal sta-
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Thermal behaviour of quasi-autocatalytically decomposing solids:
How phase transitions, melting and sample mass can influence the
experimental workflow

B. Roduit!, M. Hartmann?, P. Folly?, A. Sarbach?, A. Dejeaifve3, R. Dobson3, K. Kurko*

IAKTS AG, http://www.akts.com, TECHNOArk 1, CH-3960 Siders, Switzerland
2Armasuisse, Science and Technology Centre, CH-3602 Thun, Switzerland
3PB Clermont EURENCO, Rue de Clermont, 176-4480 B-Engis, Belgium
‘Fauske & Associates, LLC, 16W070 83rd Street, Burr Ridge, lllinois 60527, USA.

e-mail of corresponding author: b.roduit@akts.com

During the determination of thermal behavior of solids based on kinetic analysis, one has to
take into account the correct temperature and reaction extent at which kinetic data are col-
lected and calculated. If phenomena such as a polymorphic transformation and/or melting do
not precede the decomposition, then the experimental window (the range of heating rates or
temperatures) can be optimized relatively easily. However, in the case where the phase tran-
sition occurs very close to the beginning of the decomposition, the collection of the data re-
quired for the proper kinetic analysis may be very difficult. Such compounds belong to the
solids of the quasi-autocatalytic decomposition type. It seems obvious that the kinetics of the
decomposition must be investigated for this phase which is stable at ambient temperatures
during the long-term storage. This issue can be well illustrated by the simulations of the Self
Accelerating Decomposition Temperature (SADT) value of the azo-bis-isobutyronitrile
(AIBN). The kinetic parameters required in simulation workflow were obtained from heat flow
calorimetry experiments performed at temperatures of the stability range of low-temperature
(L-T) polymorph of AIBN. Thermal Activity Monitor (TAM™) data were collected in the range
of 55-70°C. Having kinetic parameters of the reaction and the heat balance of the system it
was possible to predict the rate of the decomposition of the material under any, arbitrarily
chosen temperature mode for any sample size. The presented simulations illustrate the sce-
nario of the progressive increase of the sample mass from 1 mg up to 50 kg. When sample
mass increases, the heat generated during decomposition progressively exceeds the rate of
the heat transfer. The resulting heat accumulation leads to self-heating of the sample and
creation of a temperature gradient inside the material. The simulated SADT value for L-T
AIBN amounts to 46°C. This is very similar to the computed results obtained in the BAM pro-
ject [1,2] for the high-temperature (H-T) form of AIBN which amounts to 47°C and is also in
full agreement with the large scale experimentally found SADT of L-T AIBN (47°C) [1]). The
prerequisites for collecting proper kinetic data for the quasi-AC type energetic materials in
which the phase change phenomena (polymorphic transformation or melting) precedes the
decomposition are discussed. The apparent paradox when the application of incorrect kinet-
ics applied in narrow ([ lor T ranges may sometimes result in the correct predictions of some
safety parameters, such as SADT, is discussed and explained.

References

[1] M. Malow, K.-D. Wehrstedt, M. Manolov, Thermal Decomposition of AIBN Part A: Decomposition
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New accessories and tools for TAM

Malin Suurkuusk
TA Instruments — Waters LLC, Djupdalsvagen 12-14, SE-191 24 Sollentuna, Sweden

e-mail: MaSuurkuusk@tainstruments.com

Many samples will evolve gases during decomposition. Pressure building inside a closed
ampoule can cause expansion of the cap and result in a disposable glass ampoule getting
stuck in the calorimeter. To avoid this happening a new pressure release lifter is introduced.
This pressure release lifter is a special ampoule lifter for 3 and 4 mL disposable glass am-
poules that will vent excess pressure outside the calorimeter. This lifter can be set to vent at
pressures between 1-3 bar. If higher pressures from the measured samples are expected the
vacuum/pressure ampoules are recommended. This will hold a pressure up to 10 bar before
release.

Another safety feature introduced in the software is an emergency cool function. This emer-
gency cool function can be set to execute once a sample reach a certain predefined heat
evolution. There will be an option to stop the execution by removing the critical sample.

TAM Assistant does have a wizard and evaluation program for STANAG 4582, but currently
not for STANAG 4147. A short information will be given on how to use TAM Assistant to
evaluate compatibility according to STANAG 4147.
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An Investigation into PETN Acidity using Heat Flow Calorimetry

A.F Macdonald and J Mansell
AWE plc, Aldermaston, Reading Berkshire, UK

Alan.F.Macdonald@AWE.co.uk, Janella.Mansell@AWE.co.uk

Abstract

Pentaervthritol Tetranitrate (PETN) is an organic nitrate ester primarily used as the filling in
blasting caps, booster formulations and detonators for both commercial and military
applications. It is known that the appropriate functioning of the device is related to the PETN
properties hence degradation will impact on the functioning of the device. As PETN
decomposes hydrolysis can result in acidity increase, further shortening the life of the
explosive and devices containing the explosive.

An initial study PETN decomposition using heat flow calorimetry has previously been
presented’. This work has developed to investigate the thermal response of PETN samples
of different ages exhibiting varying levels of acidity, including samples withdrawn from service
returns. Correlations will be made between starting acidity and time to a given thermal
response, enabling relative decomposition rates at near operational temperatures to be
predicted from material acid content.

Keywords: Heat Flow Calorimetry, PETN; Acidity

1. Macdonald A.F. 8" International Heat Flow Calorimetry Symposium on Energetic Materials. Oct 2012;
Reading UK.

©British Crown Owned Copyright 2019/AWE
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Method to Perform Microcalorimetry Measurements of
Carbon Dioxide Adsorbing onto Ceria Nanopowders

A. F. Macdonald*, B. J. Smith, R. M. Harker
*alan.f. macdonald@awe.co.uk

AWE Aldermaston, Reading, RG7-4PR, United Kingdom.

Abstract

This paper presents the development of a method to measure the adsorption calorimetry of a
gaseous species on a nanopowder. The method utilises a 1 cm? stainless steel ampoule
(containing the nanopowder) connected to a microreaction perfusion unit and held within a
Heat Flow Calorimeter (HFC). Argon is continuously flowed (20-100 ml/hr) through the
ampoule (held at 80°C) and periodically a small aliquot (6.9 cm?® STP) of the carbon dioxide
adsorbate is introduced into the flow. Thermal events are identified when the reactant gas
reaches the cerium dioxide nanopowder (ceria) and the off-gas is subsequently fed to an IR
gas cell to determine how much carbon dioxide gas has been consumed. Experiments are
carried out at atmospheric pressure.

The gas line is of all metal design up to the perfusion unit to allow for increased confidence in
gas purity. A method has also developed to allow the ceria to be pre-treated in an argon
furnace and then introduced into the perfusion unit under argon. Thermal events are typically
identified within 10 minutes of the aliquot being added and a delay time of 70 minutes is
generally required between doses to allow the heat signal to return to a baseline level
(depending on argon flow rates).

The study was also supported by a variety of other characterisation techniques including
Brunauer-Emmett-Teller Surface Area Determination, Scanning Electron Microscopy, X-Ray
Diffraction, X-Ray Photoelectron Spectroscopy, Diffuse Reflectance Infra-Red Spectroscopy
and Thermo-Gravimetric Analysis — Mass Spectrometry to identify the species (carbonates,
hydrogen carbonates and carboxylates) introduced when carbon dioxide reacts with ceria
surfaces.

It is concluded that HFC can provide reasonable data related to the aliquot size of the CO»
added, however data quality is not ideal with options discussed for improvements through
consideration of the oxide loading.

Keywords: Heat Flow Calorimetry, Adsorption, Carbon Dioxide, Ceria, Infra-Red
Spectroscopy

©British Crown Owned Copyright 2019/AWE
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Ultra-high sensitivity ARC testing — a link to isothermal STANAG
4582 testing.

Martyn Ottaway, Steve Stones?, lan Hutchins?, Thomas Lemke®

2Thermal Hazard Technology, 1 North House, Bond Avenue, Bletchley, MK1 1SW, UK
b C3 Prozess- und Analysentechnik GmbH, Peter-Henlein-Strasse 20, D-85540 Haar, Ger-
many.
e-mail: Steve.Stones@thermalhazardtechnology.com

Dependent upon ageing conditions NATO STANAG 4582 testing takes significant time from
a few days (90°C) to several months (60°C). the tests tie up valuable instrumentation and
need quality personnel. This contribution illustrates the potential of the Accelerating Rate
Calorimeter (ARC'™) to gain information on propellant stability, in testing at a sensitivity much
higher than usual. The aim is to use ARC as a precursor to isothermal testing, with a view to
reduce significantly the testing required. The ARC and its applications to energetic materials
are well known. There are very many applications well reviewed by Bohn and Pontius (1).
Due to energy release a small sample mass is used. Bunyan reported testing with larger
sample mass of energetic materials (2). Robust and versatile the ARC is also a technique
available in many laboratories. A large mass may be used if the experiment is curtailed prior
to serious self-heating.

In this presentation an ARC study of smokeless (rifle) powders PyrodexP, H414 and IMR
4895 will be described. Results of ARC tests are shown where conditions are chosen to max-
imize sensitivity and therefore determine onset at minimal heat release — at the lowest tem-
perature. The protocol being 1°C heat steps, long wait time and then detection of exotherm
from 0.001°C/min or 0.002°C/min. A lightweight holder and a sample mass of near 6 grams
is chosen. Testing focusses in the temperature range 75 to 95°C. The ARC needs to be well
‘calibrated' to have such isothermal stability, but this is possible. The test takes 1 day. De-
tection of heat flow is thus close to 50 uW/g. The ARC was not developed to have high sensi-
tivity and testing under adiabatic conditions cannot match the sensitivity of the best isother-
mal calorimeters. However, results indicate the potential for ARC testing as a precursor to
isothermal calorimetry according to STANAG 4582 testing and ARC can contribute reducing
the testing needed and shortening the time required, as illustrated below.

1. Bohn and Pontius ~ Proc. 43 Int. Annual Conf. of ICT, Paper 57, Karlsruhe, Germany, June 2012
2. Bunyan et al Proc. 31st Int. Annual Conf. of ICT, Paper V4, Karlsruhe, Germany, June 2000
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HFC studies of conventional and novel energetic materials
A. Catherall*, M. Didsbury, M. Penny
BAE Systems Land UK, Glascoed, Usk, Monmouthshire, NP15 1XL, UK

e-mail: Amanda.catherall@baesystems.com

Heat Flow Calorimetry (HFC) has been used (NATO STANAG 4582 and 4147) to
measure the stability and compatibility of propellant materials, however, very little is
known about the full capability of the technique. With the move towards ‘insensitive
or lower vulnerability’ materials do the STANAG methods still work for novel propel-
lant materials? Is HFC a suitable technique for studying stability of novel energetic
materials?

A TAM™ |V from company TA Instruments has been installed at BAE Systems,
Glascoed; the first TAM IV to be installed within the UK Energetics community. A
down-selection of 15 propellants covering a range of different formulations were cho-
sen as test samples for this piece of work. This selection involved a mix of conven-
tional and novel formulations, including single base, triple base, RDX based and
HMX based formulations to identify any differences in behavior of heat flow as the
samples are artificially aged.

HFC studies have been carried out in the temperature range 70 C to 89°C in accord-
ance with STANAG 4582. Conventional propellants behave as expected, allowing
stability and compatibility measurements to be carried out.

Preliminary results show that STANAG 4582 is not a one-size fits all method. Novel
propellant materials do not fulfil the heat flow requirements of STANAG 4582 to be
able to determine shelf-life. This work will focus on the suitability of the method for
novel propellant materials. Further work is to establish a method to study the stability
and compatibility of pyrotechnic and secondary explosive materials.

Keywords: HFC, propellants
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Slow cook-off modeling for medium caliber ammunition

Kevin T. Miers?, Nausheen M. Al-Shehab?, Michael L. Hobbs?, Michael J. Kaneshige?

1U.S. Army CCDC Armaments Center, Picatinny Arsenal, NJ, USA.
2Engineering Sciences Center, Sandia National Laboratories, Albuquerque, NM, USA

e-mail: kevin.t.miers.civ@mail.mil

The U.S. Army CCDC Armaments Center at Picatinny Arsenal, NJ is working to improve the
responses of various medium caliber ammunition items when subjected to the NATO Insen-
sitive Munitions (IM) Slow Cook-off (SCO) test. As per NATO STANAG 4382 Ed. 2, this test
subjects the item to a gradually increasing ambient temperature, which for example might be
produced by a fire in an adjacent munition store. One technique which has been successful
in addressing SCO for these items is warhead venting, in which the cartridge is designed to
release the fuze assembly from the warhead before thermal explosion occurs. This allows
energetic decomposition products to escape thus avoiding pressurization of the explosive
charge and resulting in a nonviolent burning reaction. Some explosives commonly used in
U.S. medium caliber ammunition are PBXN-5 (95% HMX, 5% Viton) and Composition A5
(99% RDX, 1% Wax). Simple models for energetic self-heating based on zero-order Arrheni-
us kinetics can be obtained from Differential Scanning Calorimetry (DSC) using, for instance,
the Flynn/Wall/Ozawa method [1], and can sometimes predict the time and location of igni-
tion. However in the design of warhead vent features, it is useful to be able to model the
pressures resulting from the evolution of gaseous products and their effect on self-heating in
sealed and vented systems. Hobbs, et al. have previously developed a cook-off model for the
plastic bonded explosive PBX 9501 (95% HMX, 2.5% Estane, 2.5% BDNPA/F) which pro-
vides this capability [2]. The model utilizes a pressure dependent five-step mechanism pa-
rameterized using Sandia Instrumented Thermal Ignition (SITI) experiments. Hobbs deter-
mined that the PBX 9501 model can be used to predict cook-off of other plastic bonded ex-
plosives containing HMX and an inert binder, such as LX-10-0 (95% HMX and 5% Viton) [3].
This is achieved by accounting for the correct amount of HMX in the explosive and limiting
the nitroplasticizer reaction. A similar model has also been developed for RDX. In this work,
modeling predictions obtained with the finite element code SIERRA ARIA are compared with
SCO data for several medium caliber ammunition items.

Keywords: Insensitive Munitions; Explosives; Cook-off; Venting; Modeling
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Controlled thermal test on high explosive cylinders

Virginie Le Gallo, Maryse Vaullerin, Antoine Osmont
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The study of non-nominal initiation of high explosives is essential to assess munition safety.
Several aggressions have to be considered, among them low or intense impact, and fast or
slow cook off. The number of aggressions and the lack of comprehension on the explosive
behavior make the experiments and modeling complex.

We propose a study of controlled thermal test on high explosive cylinders leading to combus-
tion or deflagration. Unlike fast or slow cook-off, the heating conditioning is specially chosen
SO as to ignite a reaction at the center of the explosive bar. A slow controlled temperature
rise is assigned to the cylinder surface in order to bring all the volume to an isothermal value,
which is kept until a reaction appears at the center. This controlled thermal test is among the
hardest to treat in pyrotechnic safety because of auto-confinement due to the initiation at the
heart of the explosive cylinder. Our study is based on an up-scaling procedure, leading ther-
mal experiments and modeling at the same time.

On a small-scale level, a “model-free” kinetic for a given explosive is extracted from DSC
experiments, involving a few milligrams of energetic material, thanks to the AKTS program.
This kind of “model-free” kinetic provides two parameters of an Arrhenius law, pre-
exponential factor Z and activation energy Ea both reaction rate dependent, and chemical
energy Q, that can be easily introduced in prediction models. Middle-scale experiments are
driven to validate this kinetic. An unconfined quasi 1D-cylindric 500 g bar of high explosive is
thermally packed and instrumented in order to monitor temperature at different points. The
isothermal temperature is selected to enable a reaction during a day work experiment. The
temperature is tightly controlled during the experiment to prevent the risk of initiating the re-
action at the surface, which is closer from a fast cook-off than a slow one. Then controlled
thermal tests of confined explosive cylinder are led. They show that a deflagration can occur
in accidentals conditions. Prediction is again carried out with AKTS Thermal Safety module.
The program uses the “free-model” kinetic as input parameter and takes the casing thermal
properties into account. The comparison between the reaction delay given by experiment
and calculation are good for unconfined samples and are quite good though less accurate in
the confined case.

Keywords: Kinetic, modelling, prediction, AKTS, deflagration
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A way to improve the safe use of closed stainless-steel ampoules in
heat flow microcalorimeters (HFMC)

Manfred A. Bohn

Fraunhofer Institute of Chemical Technology (ICT),
Post box 1240, D-76318 Pfinztal-Berghausen, Germany

e-mail: Manfred.Bohn@ict.fraunhofer.de

Increasingly the traditional glass ampoules with butyl rubber sealing and crimp lid are re-
placed by tightly closed stainless steel ampoules in measurements with HFMC. The glass
ampoules are easy to handle and the provide a basic safety aspect, in that with pressure
built-up the lid bends up. By piercing the lead after measurement, the lid contracts mostly in
such a way that the ampoule can be drawn out of the measurement channel. But sometimes
this fails, and the calorimeter channel is contaminated. This happens ‘regularly’ when pres-
sure built-up is more than 2 to 3 bars. To circumvent these problems, one can use the 4 ml
stainless-steel ampoules or even Hastelloy ampoules. The pressure resistance is much
higher and mainly limited by the forces which the thread of the caps can hold. As recommen-
dation: one should not use ampoules with the viton or rubber sealing and circlip or retaining
ring fixture of the lid. The opening may cause an uncontrolled troughing of the lid by the sud-
den pressure release. This happens not with the thread caps, because already after a half
opening turn the pressured gas is safely released and the lid is still held by the thread. If one
encounters a pressure built-up beyond the tightening force the cap thread can provide, the lid
is lifted a bit and gas is released. But surely this functions only then as a ‘built-in’ safety ef-
fect, when the pressure built-up or the gas generation of the sample is slow enough that the
inertia of the ampoule lid has time to open.

The question is now, how much gas can be produced by the sample and what can be the
pressure built-up in the ampoule. To be on the safe side one may assume a total decomposi-
tion of the sample and the amount of gas should not exceed the pressure tightness of the
ampoule. Another way is to observe the conversion via the generated heat Q and calculate
the corresponding gas formation and resulting pressure in the free volume of the ampoule.
This paper describes the procedure to achieve a fairly safe assessment of pressure built-up
in stainless-steel ampoules. To determine the gas amount the sample can produce the ther-
modynamic controlled decomposition of the sample is considered. A method to get such data
is for example the ICT Thermodynamic Code. During presentation it will be shown how this
program system can be used for this objective.

Keywords: heat flow microcalorimetry, stainless steel ampoules, pressure built-up, safe use
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Kinetics of thermo-chemical decomposition of RDX in cyclohexa-
none and gamma-butyrolactone
determined with ARC™ and heat flow microcalorimetry
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To improve its crystalline quality RDX is processed in suitable solvents, among them are cy-
clohexanone and gamma-butyrolactone. In spite of its relatively high thermal stability RDX
can decompose to a certain extend during processing. Several qualities of RDX were inves-
tigated: so-called insensitive RDX (I-RDX) from Eurenco, Sorgue, France and so-called sen-
sitivity reduced RDX (S-RDX) from Chemring, Saetre, Norway. In addition, both types were
used in a coarse (class 1) and a fine (class 5) particle size.

With ARC™ (Accelerating Rate Calorimetry) solutions between 6 mass-% and 10 mass-% of
RDX in the two solvents have been used with 1 inch titanium ARC™ bombs. The used in-
strument was so-called ES-ARC from THT Inc. Bletchley, MK1 1SW, UK. It was operated in
the so-called ‘heat-wait-search’ mode to register the decomposition exotherm reached by
pseudo-adiabatic selfheating. The temperature range of detected decomposition is between
130°C and 230°C. The amount of RDX was used-up during the course of the full decomposi-
tion curve, means after the end of selfheating all RDX was consumed. The curves show an
initial faster increase in self-heat rate. Mostly this is indicative for chemical species which
accelerate decomposition. Such features can be caused autocatalytically or by impurities.
The curves were described with reaction kinetic models and Arrhenius parameters have
been obtained.

The heat flow microcalorimetry (HFMC) measurements were performed with TAM™ Il and a
modified TAM™ Il instruments from TA Instruments. Isothermal measurement temperatures
were 90°C, 100°C, 110°C and 120°C. Because of the relatively high measurement tempera-
tures with HFMC, one can combine the results of both measurement methods, which is tried
in this paper.

To have an indication about the amount of RDX decomposition in the HFMC runs the solu-
tion were analysed with HPLC to find out the residual RDX content in the solutions.

Keywords: ARC, heat flow microcalorimetry, RDX, solution in cyclohexanone, solution in
gamma-butyrolactone, kinetic evaluation
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Assessment of ageing state of several double base rocket propel-
lants with
mass loss, stabilizer consumption and heat flow microcalorimetry

Manfred A. Bohn

Fraunhofer Institute of Chemical Technology (ICT),
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e-mail: Manfred.Bohn@ict.fraunhofer.de

The assessment of the ageing state, rate present rate of ageing and the perspective of re-
sidual or further safe storage and use times is an important task to guarantee a controlled
and accountable behaviour of nitrate ester based propellants as double base (DB) rocket
propellants (RP) and nearly all types of gun propellants presently in service.

At ICT recently several DB-RP have been investigated on the ageing state with heat flow
microcalorimetry (HFMC), mass loss (ML) and stabilizer consumption according to the so-
called single temperature method of the AOP-48 (NATO Allied Ordnance Publication). The
age of the propellants at time of investigation was between 2 and 18 years. Especially the
propellant with 18 years age was feared to be unsafe already. All three methods give con-
gruent assessment data. The result is that all propellants are still safe to use and have a fur-
ther safe in-service time of 10 years according to AOP-48 and NATO STANAG 4582 (named
also Heat Flow Microcalorimetry STANAG).

It turned out that the heat flows of the DB-RP are still low, far below the limit values set by
STANAG 4582. This gives the possibility to extend the predicted time of safe use of more
than 10 years. It will be shown how this can be achieved with HFMC and ML data.

Further investigation methods as gas generation, adiabatic selfheating and molar mass de-
crease were applied also to assure the assessments.

Keywords: double base rocket propellants, ageing state, assessment of safe use time, heat
flow microcalorimetry, mass loss, AOP-48, STANAG 4582
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Evaluation of the high temperature ageing of a solid gas generant
by mass loss and heat flow microcalorimetry

Moritz Heil
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A high temperature gas generant (GG) is investigated at temperatures between 75°C and
120°C with heat flow microcalorimetry (HFMC) and mass loss (ML). The GG is supposed to
work in high temperature environment (> 60°C) for several years and even up to decades.
This time-temperature load is far off from the standard operating temperatures and time
ranges in military use and even from automotive use. It is a challenge to find out the behavior
of such GG, since the ageing temperatures must be in the same range as the planned oper-
ating temperature.

To avoid unnecessary risks for calorimetric equipment, high temperature mass loss is used
as a first assessment technique. Based on these results, HFMC is conducted. In this work, it
is mainly the objective to evaluate how both techniques can work together.

Calculation of the activation energy is performed by using reaction models and iso-
conversional (Friedman and integral) methods for both measurement technigues. Iso-
conversional methods are usually not possible for mass loss measurements due to insuffi-
cient data points to calculate conversion-dependent activation energy. The interpolation of
those missing values is also called imputation (not just interpolation) in data handling statis-
tics, and there is a large number of different approaches, from model-based fitting to simple
linear regression between data points. Selected techniques will be presented and evaluated.

Heat flow microcalorimetry data serves then as the backbone of the assessment of different
algorithms for imputing the missing mass loss data. High quality data and careful analysis
are necessary to get reliable results. A comparison between the calorimetric data and the
mass loss data aims to show how the differences and similarities of both methods affect the
results.

Keywords: heat flow microcalorimetry, mass loss, kinetics, Friedman iso-conversional
method
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Defining the UK methodology for the stability testing of energetic
materials
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The UK Defence Ordnance Safety Group (DOSG) provides advice to project teams, the
armed forces and industry on Ordnance, Munitions and Explosives (OME). The UK needs to
maintain research into new energetic material technology. As the UK’s inventory is increas-
ingly procured from non UK sources, it has become essential to understand testing and eval-
uation undertaken in the country of manufacture. It is vital to align UK testing with that of oth-
er NATO allies, whilst maintaining the UK database of knowledge to ensure continued OME
safety.

Current UK stability testing of propellants consists of the Abel Heat Test, the 80°C Self Heat-
ing Test, the Vacuum Stability Test and single temperature stabiliser depletion in accordance
with AOP48 Ed.2. However, the supply chain of propellants to the UK has changed and will
continue to vary in the future. As a result, the UK service does not always have access to
sufficient characterisation data and no historic data exist to allow assessment of their perfor-
mance in stability testing.

Consequently, there is a need to confirm the analytical techniques which are appropriate for
assessing the stability of energetic materials entering UK service. In order to do this, DOSG
are supporting a number of experimental programmes, which aim to define the future UK test
methods.

One of these programmes involves using accelerating rate calorimetry, the mass loss test
and heat flow calorimetry to understand the stability of a selection of gun propellants. One of
the aims of this programme is to define the reproducibility of the techniques and to under-
stand the variability of the results, which have been observed previously for such materials.

This programme is in the very initial stages and so this paper will describe the approach the
UK intends to take with respect to stability testing programmes, along with some of the early
results. The data from a similar programme using tetryl (a high explosive) will also be dis-
cussed to illustrate the advantages of using modern analytical techniques for assessing the
stability of energetic materials.

Keywords: accelerating rate calorimetry, heat flow calorimetry, stability, characterisation.
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Reaction calorimetry in flow reactors - fast reaction screening and
process design

Juergen Antes, Dominik Jentner, Stefan Loebbecke

Fraunhofer ICT, 76327 Pfinztal, Germany,
e-mail: aj@ict.fraunhofer.de

To keep the time to market as short as possible, detailed knowledge about a chemical reac-
tion system must be available in an early phase of process development, facilitating depend-
able decisions about synthesis strategies and process management. Process analytical
techniques, which provide a high level of information while keeping experimentation times
short, are essential for of effective process design in chemistry and biochemistry. In this con-
text, the combination of continuous-flow processes with calorimetric measurement tech-
nigues offers an approach to fast process design, process diagnostics and process optimiza-
tion. Calorimetry is an analytical method for investigating thermal effects resulting from
chemical reactions and/or changes in physical states. Knowing the heat flows occurring in a
chemical reaction system provide crucial information for the successful design and develop-
ment of new chemical processes as well as for optimizing existing processes. Measurement
of heat flows is therefore an attractive methodical approach for developing new and rapid in-
process monitoring techniques.

Here we report on the development of various small-volume, continuously operated reaction
calorimeters on the basis of flow reactors, which permit rapid screening of thermokinetic key
data of chemical reactions. At the heart of the calorimeters are sensor arrays based on See-
beck elements for the localized, quantitative characterization of heat flows. The measure-
ment of the heat flows has the advantage that the heat release rate of the reaction is directly
proportional to the reaction rate. This allows easy access to kinetic and thermodynamic data
of chemical reactions (heat of reaction, reaction rate and conversion). The reactors them-
selves may be made of various materials (stainless steel or glass); moreover, they may be
exchanged to adapt the most appropriate reactor to the reaction being analyzed, for example
in terms of residence time or mixing performance. The combination of continuous-flow tech-
nology and efficient heat flow sensors opens the way to rapid and efficient screening of
chemical reaction parameters and allows acquisition of safety data. During screening exper-
iments, the influence of individual process parameters (e. g. concentration, stoichiometry,
use of alternative reactants, temperature, residence time, etc.) can be followed directly by
observing the heat signal — both in a qualitative and quantitative manner. The measurement
of the heat flows is in real-time; time-consuming calibrations for the heat transfer are not re-
quired. Even targeted investigations and quantitative analysis of the energetic potential of
critical process conditions (worst case scenarios) can be conducted safely. The performance
and the accuracy of these new devices are demonstrated for different exothermic reactions
in the liquid and liquid/liquid regime.

Keywords: continuous micro reaction calorimetry, process optimization, safety analyses
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Assessment of aging of two developmental double base propellants
with HFC and stabilizer depletion
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Two developmental propellants were formulated as alternatives to an extruded double base
type propellant with the goal of improving long-term aging and heat cycling responses. The
new propellant formulations seek to improve the service life of a currently fielded propellant.
In order to achieve this goal, the two developmental propellants contain a different stabilizer
than the currently fielded propellant at differing percentages. The amount of stabilizer in the
new formulations was varied to determine the effect on aging, burning rate, and mechanical
properties. This work presents correlations between current long-term aging studies, meas-
ured by stabilizer depletion over time, with heat flow calorimetry data. Samples aged during
the heat flow calorimeter study were also analyzed with HPLC for additional comparisons
and correlation.

Keywords: service life extension, propellant formulation, heat flow microcalorimetry, stabi-
lizer depletion
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Scale up from Lab to Plant with non-isothermal reactions using Re-
action Calorimetry
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Reaction calorimetry is used to identify thermodynamic and kinetic parameters, which are
crucial for safety evaluation and design, optimization and scale up of chemical processes.
Laboratory-based and production-oriented chemical reactions are essentially performed in
the same way; however, safety analyses and risk assessment is not always representative of
the exact final process. This can occur especially when the reaction takes place during a
temperature ramp. The goal of this presentation is to educate researchers on how to use
calorimetry to up-scale chemical reactions in a safe way. For this purpose, examples of iso-
thermal and non-isothermal experiments will be presented and analysed using a family of
Reaction Calorimeters.

Non—isothermal experiments are commonly used in production to reduce the risk of a high
heat of accumulation and to get a better quality and/or higher yield. The performance and
accuracy of the Mettler-Toledo calorimeters are demonstrated on the basis of a number of
chemical reactions. The results demonstrate the high precision of the calorimeters and high-
light the fact that the equipment can easily deal with fast and highly exothermic reactions
under challenging and problematic non-isothermal conditions for scale up purposes.

Keywords: reaction calorimeter, non-isothermal reactions, safety assessment, reaction pro-
cess design
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Thermal Behaviour of Energetic Materials in Adiabatic Selfheating
Determined by ARC™

Manfred A. Bohn, Heike Pontius
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The adiabatic selfheating of a variety of energetic materials was determined by ARC™ (Ac-
celerating Rate Calorimeter). In comparison to (1) DSC and TGA, which uses mostly a forced
linear heating up of the sample and to (2) HFMC, which is mostly used isothermally, ARC™
determines the self-heating of the sample in a pseudo adiabatic environment. By this the
decomposition process is sample controlled in the so named exotherm mode and not forced
from an outside temperature program. The state of adiabaticity is obtained by a closed
measurement system and a precisely controlled heating up, which follows the self-heating of
the sample. A typical result is the self heatrate of the sample as function of the adiabatically
reached temperature, which is caused by the exothermal decomposition of the sample, not
by the instrument, which serves only as device to maintain adiabaticity, also with small sam-
ple amounts. Typical sample amounts with energetic materials are in ARC™ between 200
mg and 600 mg, which is much more than normal DSC and TGA instruments can handle.

After an introduction of the principles of operation and of data evaluation, the paper presents
results on several types of energetic materials: Formulations as gun propellants (single, dou-
ble, triple base), rocket propellants and high explosive charges; ingredients alone as ADN,
HNF, AP, FOX-7, FOX-12, nitroguanidine, TAGN, AN, RDX, HMX, TNT, NTO, &-CL-20, GAP,
NC and others more. Also substances in toluene solution have been measured, which allows
a further control on the decomposition behaviour and the determination of decomposition
parameters.

Keywords
Instrumentation of ARC™, adiabatic selfheating, thermal decomposition behaviour, data
evaluation, energetic materials



