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Abstract The decomposition in HTPB bonded HMX was

characterized with two highly sensitive methods: heat flow

microcalorimetry (HFMC) and Chemiluminescence (CL).

The material is stabilized with a phenolic antioxidant. The

heat generation (HFMC) rate was determined from 120 to

150 �C using a TAMTM microcalorimeter and the oxida-

tion of the substance was followed by the CL emission

between 100 and 140 �C directly from the solid state

sample. The end of antioxidant activity results in both

measurements sets in characteristic changes in the curves.

Kinetic parameters were calculated applying Arrhenius

parameterization for the times to the end of antioxidant

activity and by applying modelling with an autocatalytic

model extended by a side reaction, which is assigned to the

antioxidant consumption. The evaluation with the charac-

teristic times gives good agreement between the two

methods; the modelling represents the different but sup-

plementing probing of the two measurement methods.

Keywords HTPB bonded HMX � Microcalorimetry �
Heat generation rate � Chemiluminescence � Oxidation �
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Introduction

Microcalorimetric analytical methods are very sensitive in

monitoring the heat generation rate during the decompo-

sition of energetic materials. High sensitivities in the lW

range enable the detection of the early decomposition

stages, i.e. reaction progress levels ranging from 0 to 5%

(conversion alpha = 0.00 to 0.05) [1]. The benefit of these

methods is the moderate temperature conditions at inves-

tigation comparable to the in-service temperature condi-

tions. Due to the exponential temperature dependence of

the reaction rate, long measuring times are necessary at

moderate temperature profiles to get reliable results. This

fact cannot be annulled, but often it is tried to ignore it. The

prediction of in-service time periods become more accu-

rate, the closer the temperature of in-use or storage and

investigation are. To determine reliable data at lower

temperatures needs stable and sensitive measuring methods

as Heat Flow Microcalorimetry (HFMC), which has been

applied successfully to evaluate stabilizers for advanced

systems [2, 3] and in assessing new energetic materials

[4–6].

It is well known that most of the organic materials

readily react with oxygen even at ambient temperatures.

This oxidative degradation is a severe material-engineering

problem. Monitoring and predicting the stability of organic

materials against oxidation is therefore of paramount

importance in view of stability, safety and guarantee pur-

poses. Commonly applied analytical methods to analyse

long term oxidation behaviour of organic solids with low
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F. Käser

Berne University of Applied Sciences, Fellerstr. 11, 3027 Berne,

Switzerland

M. A. Bohn

Fraunhofer-Institut für Chemische Technologie (ICT),

Postfach 1240, 76318 Pfinztal-Berghausen, Germany

123

J Therm Anal Calorim (2009) 96:687–695

DOI 10.1007/s10973-009-0031-6

http://dx.doi.org/10.1007/s10973-009-0031-6


sensitivity as Differential Scanning Calorimetry require the

investigation at higher temperatures. Such conditions may

invoke reaction pathways which are different from those

encountered under the conditions of use. Decomposition

processes and especially the oxidation decay leading to the

failure of the substances can be overseen even for years.

But once the reaction has reached a critical stage, it pro-

ceeds in rapid, autocatalytic acceleration and leads to

unexpected failure. In such a situation, alternative methods

based on investigations carried out at low temperatures or

with high sensitivity should be applied for the character-

isation of the long-term stability of organic substances.

Besides HFMC the Chemiluminescence (CL) method can

be employed with suitable equipment as very sensitive

measuring method.

The following results represent the first stage of research

by using the Chemilumines-cence method to characterise

decompositions reactions of energetic materials in combi-

nation with microcalorimetric measurements.

Substances

The material investigated is an example of a high explosive

charge (HEC). The essential components are HMX

(Octogen) and a binder of polyurethane type. This binder

consists of HTPB (hydroxyl terminated polybutadiene)

crosslinked with isophorone diisocyanate. Typically the

HMX content varies between 80 and 90 mass-%. Because

polybutadiene is sensitive to oxygen attack, phenolic

antioxidants are commonly added. The oxygen attack on

the HTPB backbone is favored in the allylic position HC–

C=C because of resonance stabilization of the radical

function. With two radical functions on neighboring chains

cross-linking can occur and elasticity is reduced. For this

work a formulation was used which contains 85 mass-%

HMX bonded by HTPB-binder, which additionally con-

tains some plasticizer and a phenolic antioxidant of about

0.1 mass-%. It is called in the following HEC or in short

HMX-HTPB.

Measurement methods

Heat flow microcalorimetry

The heat generation rate (HGR) of HMX and HTPB bon-

ded HMX (=HEC, high explosive charge) was measured

with a so named high temperature TAMTM (Thermal

Activity Monitor), model type II, produced by Thermo-

metric AB, Sweden, now belonging to Waters Inc., BU TA

Instruments. The measurement temperature range is from

15 up to 150 �C. It is equipped with four microcalorimeter

inserts (four channels) immersed in a highly temperature

constant silicon oil bath. The working principle is of twin

type to reduce the temperature fluctuations of the bath by a

thermally balanced reference mass. The baseline stability

of these TAM II instruments is very high, and this over

weeks. Measurement ampoules up to 4 mL volume can be

used. For the measurements HastelloyTM-C22 ampoules,

obtained from Thermometric AB, have been used in order

to withstand the expected higher gas pressures caused by

the decomposition of HEC. The ampoules are closed by

screw caps using a thin TeflonTM disk as squeezing seal.

Estimated gas pressures ranged up to 50 bars, which the

ampoules can still handle also at 150 �C. The sample was

weighed-in into small DuranTM glass vials inserted into the

ampoules to avoid contact between metal and HEC. The

amount applied was adjusted to have maximum sample

mass (=measurement sensitivity) and safety against

ampoule opening. Sample masses were in the range of 1.0–

1.2 g (loading densities from 0.31–0.37 g mL-1). HGR

measurements have been performed between 120 and

150 �C.

Chemiluminescence

Luminescence is a term used for various phenomena,

originating from electronically excited states. The emission

of photons results from the relaxation of excited electrons

(triplet-state) into their ground-state. Chemiluminescence

includes all Luminescence phenomena resulting from

chemical reactions [7]. The fact that organic substances

undergoing oxidation emit light has been recognized

already at the second half of XIX century [8]. Meanwhile

Chemiluminescence has gained wide acceptance as a sen-

sitive method to study the oxidative degradation of organic

solid substances [10–12].

The emission of light during the oxidative degradation

process of the organics is a part of the reaction course. The

first step in the oxidative degradation is the formation of

unstable alkyl radicals, which immediately scavenge the

oxygen from the atmosphere or from oxygen already

migrated into the sample to form peroxy radicals. These

react further and transform into different species in an

accelerating degradation cycle (auto-oxidation, left part of

Fig. 1. It is normally attributed to a transition of excited

triplet-carbonyl-function (3R=O*) into its ground state. The

spectral range of this emitted light varies according to the

type of substances involved. In most cases the Chemilu-

minescence is observed in the short wave region of the

visible spectrum from 380 to 450 nm.

Compared to the other conventional thermo-analytical

methods, CL offers many ad-vantages: due to its out-

standing sensitivity, experiments can be performed at low

temperatures i.e. closer to the application related
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conditions. This fact is of importance for the character-

isation of substances with low temperature melting points,

glass transitions, etc. The baseline stability of CL is of

great benefit when performing long-term experiments [16];

moreover the CL-signal is related exclusively to the oxi-

dation processes and therefore is not superposed by the

signals resulting from the other reactions, including phase

transitions. The instrumentation setup may be designed

individually for special fields of applications and goals of

research. The experiments can be performed with the

sample masses as low as approx. 0.1 mg.

The instrumentations provided by ACL Instruments are

fully automated and consist of cooled PMT (photo multi-

plier tube) with photon counting mode in combination with

an optical path including a shutter system, to protect the

highly sensitive detection unit against extensive light

during sample handling and to provide background mea-

surements. The data acquisition of the following Chemilumi-

nescence experiments was performed using the basic

instrument configuration without any extension modules,

produced by ACL Instruments Inc., Switzerland (http://

www.aclinstruments.com). The measurement temperature

range is 20 �C to 200 �C. The flow of the synthetic air was

30 ml min-1. The instrument is equipped with a passivated

silver oven cell for precise temperature control. The CL-

emission is guided through an optical pathway to the pho-

tomultiplier tube operating in the photon counting mode.

Glass crucibles provided by ACL Instruments have been

used in order to prevent sample’s contamination by catalytic

active transition metals (Cu, Fe etc.) usually present in alu-

minium crucibles. The here applied sample amounts have

been: 44, 28, 34, 22 and 14 mg at 100, 110, 120, 130 and at

140 �C, respectively. The sample geometry must be very

similar to obtain comparable data.

Measurement results

Heat generation rate measurements

In Fig. 2 the measurements of heat generation rates (HGR,

dQ dt-1) and the calculated heat generations (HG, Q) of

HEC are shown at 120 �C in air and in argon. The differ-

ences in HGR and HG caused by the two atmospheres are

very pronounced at the beginning. One can conclude that

the oxidising atmosphere has an influence on the measured

signals. After the sharp bend in HGR under air the HGR

under argon has similar values, but still somewhat lower

than under air. The main difference in HG is caused by the

contribution up to about 3.3 days at 120 �C. It is assigned

to the reaction of the antioxidant in the material. Also at all

other measurement temperatures the same effect was

found. It is already recognizable that HGR increases with

time indicating a starting auto-acceleration in the decom-

position. But also under argon this effect appears but

somewhat retarded to the situation under air. It seems there

is a decomposition component going on independently of

the oxidising or non-oxidising atmosphere.

Fig. 1 Simplified scheme of auto-oxidation of organics (from Lacey

et al. [13]: the combination of two peroxy radicals with a concomitant

fragmentation in a Russel mechanism [14] is strongly exothermal

(460 kJ mole-1) [15]. The CL-emitter is an excited ‘‘triplet’’ carbonyl

function 3R=O*

Fig. 2 Heat generation rate

(HGR/dQ dt-1) and heat

generation (HG/Q) of HEC

(HMX-HTPB) at 120 �C in air

and in argon. The influence of

the oxidising atmosphere is very

clearly recognizable. Especially

at the beginning the decrease of

HGR in argon is much faster

than in air. The HGR curves of

HEC in air show a sharp bend at

about 3.2 days
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The HGR and HG values of pure HMX are significantly

lower than the ones of the HEC. Further the HGR of HMX

stays quite low and nearly non-acceleratory over much

longer time periods, during which the HGR of HEC has

reached definitely the autocatalytic decomposition.

Chemiluminescence measurements

The Chemiluminescence measurements have been per-

formed at 100, 110, 120, 130 and 140 �C. A selection of

the data can be seen in Fig. 3 with time axis in logarithmic

scaling.

The Chemiluminescence signal of pure HMX measured

at 140 �C is lower than one order of magnitude compared

to the values of the HEC; it seems that the pure HMX

is not undergoing oxidation during the performed Chemi-

luminescence experiments during the here applied time

periods.

Data evaluation

Using characteristic phenomena of the measured curves

As already seen above, the curves of HGR and CL-rate

show some characteristic effects, which may be attributed

to a change in reaction behaviour, here the change from

stabilized HEC to unstabilized HEC in the sense of

consumption of antioxidant (AO). Therefore the times

until to these characteristic points can be used to get

information about the Arrhenius parameters of antioxidant

consumption, which in turn can be used to calculate the

times tk until AO consumption at further temperatures

with Eq. 1.

tkðTÞ ¼
1

Zk
� expðþEak=RTÞ ð1Þ

To determine the characteristic time of the bend in the

HGR curves and the onset time of the auto-oxidation in CL

curves, the commonly applied tangential method was used.

In Table 1 these characteristic times have been com-

piled together with logarithmic rates and the corresponding

Arrhenius parameters. From the CL-data two sets of

Arrhenius parameters have been calculated differing in the

used temperature range as indicated. The somewhat greater

activation energies found from the CL-data result in longer

times near ambient temperatures. This is not critical,

because the higher temperatures up to 70 �C are more

important for the assessment in real theatre environments.

Figure 4 depicts the Arrhenius diagram for the rate

constants obtained from both characteristic times, defined

as the reciprocal of the times. These characteristic times

represent the total consumption of the AO.

Kinetic modelling of the measured curves: reaction

scheme of auto-oxidation by oxygen

Oxygen is a biracial molecule, •O=O• attacking organic

matter even at normal ambient temperatures. If special

structural elements are present in the molecules as C–C

double bond or ether groups the oxygen attack is fostered

greatly. The name auto-oxidation is given to the autocat-

alytic oxidation of organic materials by molecular oxygen.

To prevent the degradation or even destruction of the

material so-called antioxidants are added. Several types

have been developed and commonly used types are phe-

nolic antioxidants. The basic radical reactions occurring in

oxygen degradation may be grouped according to their

characteristics.

Fig. 3 Reaction progress of the

oxidation of HTPB in the HEC

followed by

Chemiluminescence in synthetic

air as function of temperature

and time. Shown are the

Chemiluminescence intensity

(cts s-1 mg-1) and the

integrated CL intensity

(cts mg-1). Time axis is

logarithmically scaled
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• Start: radical formation at binder material

• Chain propagation: forms further radical sites at binder

• Chain branching: increase of autocatalytical activity

• Chain termination: consumption of formed and attack-

ing species but not of oxygen.

• Stabilization: radical neutralization by antioxidant

• Promotion of auto-oxidation by catalytic active transi-

tion metals

Because heat generation rate curves and Chemilumi-

nescence curves alone provide to less information to handle

all reaction sequences one must reduce the scheme in such

a way that the main characteristic is maintained. Main

characteristic elements are:

• Oxidative attack of the binder or any organic material

• Formation of autocatalytic effective species B, radical

in type

• Attack of radical B on the binder

• The effect of antioxidant AO in neutralizing the

radical B

These elements must be expressed in a model.

Kinetic modelling of the measured curves: approx.

modelling by autocatalytic reaction scheme

Both measurement methods have revealed auto-accelerating

reaction behaviour of the HEC. This should be modelled by

Table 1 Times tkdQ until the

sharp bend in HGR curves and

times tkCL until the strong

increase in CL-rate of HEC as

well as the corresponding

logarithmic rates and the

Arrhenius parameters derived

T/�C HGR curves dQ/dt CL-rate curves

Ln[1/tkdQ]/d-1 tkdQ/d Ln[1/tkCL]/d-1 tkCL/d

100 – – 0.033557 29.8

110 – – 0.101112 9.89

120 -1.164712 3.205 0.272479 3.67

120 -1.234017 3.435 – –

130 -0.285179 1.33 0.769823 1.299

130 -0.381855 1.465 – –

135 0.088831 0.915 – –

135 0.032523 0.968 – –

140 0.605136 0.546 (1.452434) not used 0.234

140 0.549913 0.577 – –

145 1.114742 0.328 – –

145 1.072945 0.342 – –

150 1.491655 0.225 – –

150 1.366492 0.255 – –

Eak/kJ mol-1 123.7 ± 3 130.0 ± 2

Lg[Zk]/d
-1 15.896 ± 037 16.715 ± 0.22

R2 0.9946 0.9997

Fig. 4 Arrhenius diagram of

reciprocal times tkdQ until

occurrence of the sharp bend in

HGR curves (solid line) and

times tkCL until occurrence of

the strong increase in CL-rate of

HEC (broken line)
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kinetic formulations containing autocatalytic characteristic.

The basic autocatalytic model was already described and

used for energetic materials [4, 17]. Recently it was applied

also to describe the behaviour of guanylurea dinitramide

(GUDN) [5]. The aim is to find approximated models which

describe the data, as explained in the following. The model

formulation starts with an autocatalytic reaction scheme [3].

Substance A decomposes in gases C, in solids S and in an

autocatalytic effective product B. In the second parallel

reaction B reacts with A and accelerates its consumption.

A!k1
Bþ Cþ S ð�DHR;1Þ

intrinsic decomposition

Aþ B!k2
2Bþ Cþ S ð�DHR;2Þ

autocatalytic decomposition
ð2Þ

The intrinsic decomposition of A can not be suppressed by

stabilizers. With stabilizers only the autocatalytic reaction

can be influenced by removing B by chemically bonding it to

the stabilizing substance. In Eq. 3 the intrinsic or inherent

decomposition of A is included as first order reaction.

dAðt; TÞ
dt

� �����
T

¼ �k1ðTÞ � Aðt; TÞ � k2ðTÞ � Aðt; TÞ � Bðt; TÞ

ð3Þ

With the HEC used here we have a pronounced reaction

characteristic before the autocatalytic reaction starts. This

is caused by some oxygen attack on A = HEC and by the

stabilizer, an antioxidant (AO) which suppresses the

autocatalytic cycle. The first, in part still intrinsic

reaction is only limited mitigated, because the antioxidant

cannot fully neutralize incoming oxygen. If the oxygen

reacts with the AO in its typical way as H-donor, no

neutralization of oxygen effect is achieved because the

resulting hydroperoxide radical is an effective agent in

attacking the HEC. This behaviour can be approximated by

reaction scheme Eq. 4.

Aþ Ox!k1
Bþ Cþ S ð�DHR;1Þ

ðintrinsic) decomposition

Aþ B!k2
2Bþ Cþ S ð�DHR;2Þ

autocatalytic decomposition

AOþ B!ko
AO� B ð�DHR;SÞ

stabilizing reaction

ð4Þ

In part some side reaction can occur, especially at higher

temperatures, which are neglected here. The concentration

of incoming oxygen is assumed as constant, which is

especially true with the CL measurements because of the

constant flow purging by synthetic air. This gives a pseudo-

first order reaction for the first decomposition step. The

approximated formulation of the models based on Eq. 4 are

given in Eqs. 5 and 6 to describe the heat generation Q and

the Chemiluminescence intensity I-CL, respectively.

In Fig. 5 the application of the two model forms can be

seen to describe heat generation Q and integrated CL-rate

of HEC.

To find the fit parameters of the models a commercial

programme package was used, which allows non-linear

parameter adjustment and the application of user defined

equations [18]. Table 2 lists the three reaction rate con-

stants obtained by the modelling of the integrated CL-rate

IC and the determined Arrhenius parameters, together with

some assessment parameters for the parameter adjustment.

In Table 3 the Arrhenius parameters are given of the

analogous set of reaction rate constants for the description

of the heat generation of HEC.

Qðt; TÞ ¼ OFQ þ QðteÞ �
a � ð1� expð�kQo � tÞÞ. . .

. . .þ ð1� aÞ � 1� kQ1ðTÞ þ kQ2ðTÞ
kQ2ðTÞ þ kQ1ðTÞ � expððkQ2ðTÞ þ kQ2ðTÞÞ � tÞ

� �
8><
>:

9>=
>; ð5Þ

Icðt; TÞ ¼ OFCL þ IcðteÞ �
a � ð1� expð�kCLo � tÞÞ. . .

. . .þ ð1� aÞ � 1� kCL1ðTÞ þ kCL1ðTÞ
kCL2ðTÞ þ kCL1ðTÞ � expððkCL1ðTÞ þ kCL2ðTÞÞ � tÞ

� �
8><
>:

9>=
>; ð6Þ
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Discussion

The evaluation of characteristic times to events (bend in

HGR curves and strong increase of CL-rate) showed good

agreement. With these times the in-service time period can

be determined, also at time-temperature profile loads [19]. In

principle kinetic modelling of measurement data improves

the applicability of the data because the prediction of

in-service times is based on the recognized behaviour of the

sample. In Fig. 6 the Arrhenius diagram of the three reaction

rate constants of modelling the integrated CL rate and heat

generation data are depicted. The models are approximate

Fig. 5 Example of the

description of the heat

generation and

Chemiluminescence of HEC

obtained at 130 �C under

synthetic air (black curves).

Model (grey curves): ‘Q: main:

first order ? autocatalytic:

minor: exponential’

Table 2 Measurements of CL performed under synthetic air

T/�C kC1/d-1 kC2/d-1 kCo/d-1 a/- R2/- SD2/(cts mg-1)2

100 1.1043 E-8 ± 1.2 E-9 4.7355 E-1 ± 3.2 E-3 4.8327 E-2 ± 6.5 E-4 0.2 0.9832 1.41 E?13

110 3.8915 E-8 ± 3.0 E-9 1.5211 E?0 ± 7.5 E-3 1.1322 E-1 ± 2.2 E-3 0.2 0.9961 7.61 E?12

120 4.6630 E-8 ± 2.4 E-9 4.1682 E?0 ± 1.4 E-2 1.6558 E-1 ± 2.9 E-3 0.2 0.9993 9.35 E?11

130 1.4238 E-6 ± 1.2 E-7 10.025 E?0 ± 6.8 E-2 4.2075 E-1 ± 2.1 E-2 0.2 0.9984 9.59 E?11

140 6.5538 E-4 ± 4.9 E-5 31.609 E?0 ± 4.3 E-1 1.1512 E?0 ± 1.9 E-1 0.2 0.9994 7.32 E?10

EaCx/kJ mol-1 206.2 ± 21 131.9 ± 3.5 97.8 ± 9.2

Lg[ZCx]/d
-1 20.824 ± 2.80 18.137 ± 0.47 12.337 ± 1.22

R2/- 0.9899 0.9979 0.9743

SD2/(d-1)2 0.128 0.0753 0.0511

Reaction rate constants and Arrhenius parameters for the integrated CL rate Ic obtained with model ‘CL: main: first order ? autocatalytic;

minor: exponential’; Ic(te) = 3.0 E?8 cts mg-1, description range from 0 to about 1.5 E?8 to 2.0 E?8 cts mg-1

Table 3 Part of the HGR measurements under air

T/�C kCL1/d-1 kCL2/d-1 kCLo/d-1 a/- R2/- SD2/(cts mg-1)2

100 1.1043 E-8 ± 1.2 E-9 4.7355 E-1 ± 3.2 E-3 4.8327 E-2 ± 6.5 E-4 0.2 0.9832 1.41 E?13

110 3.8915 E-8 ± 3.0 E-9 1.5211 E?0 ± 7.5 E-3 1.1322 E-1 ± 2.2 E-3 0.2 0.9961 7.61 E?12

120 4.6630 E-8 ± 2.4 E-9 4.1682 E?0 ± 1.4 E-2 1.6558 E-1 ± 2.9 E-3 0.2 0.9993 9.35 E?11

130 1.4238 E-6 ± 1.2 E-7 10.025 E?0 ± 6.8 E-2 4.2075 E-1 ± 2.1 E-2 0.2 0.9984 9.59 E?11

140 6.5538 E-4 ± 4.9 E-5 31.609 E?0 ± 4.3 E-1 1.1512 E?0 ± 1.9 E-1 0.2 0.9994 7.32 E?10

EaCLx/kJ mol-1 206.2 ± 21 131.9 ± 3.5 97.8 ± 9.2

Lg[ZCLx]/d
-1 20.824 ± 2.80 18.137 ± 0.47 12.337 ± 1.22

R2/- 0.9899 0.9979 0.9743

SD2/(d-1)2 0.128 0.0753 0.0511

Reaction rate constants and Arrhenius parameters for the intergrtaed HGR Q obtained with model ‘Q: main: first order ? autocatalytic; minor:

exponential’; Qe = 2730 J g-1, description range from 0 to 30 J g-1. Average of a = 0.0033 with standard deviation of 0.0004
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ones as already explained but nevertheless they allow some

conclusions. In both modelling the autocatalytic rate con-

stants are almost of the same value, EaC2 = 131.9 ±

3.5 kJ mol-1 and EaQ2 = 133.3 ± 2.4 kJ mol-1. This may

indicate that in the autocatalytic case the radical type oxi-

dation processes dominate and can be seen with heat gen-

eration as well as with Chemiluminescence. The oxidation

can originate from oxygen and from NO2 which is formed by

HMX decomposition.

Differences are found in the modelling of stabilizing

reaction. Chemiluminescence sees oxidation processes in

which the antioxidant is specifically involved. This type of

resolution is not possible with heat generation rate which

sums over all reactions going on. The activation energy EaCo

of reaction rate kCo is seen as describing the antioxidant

consumption during the action of the AO. The value of EaQo

of kQo is definitely greater than the one of EaCo. Underlying

further processes as HMX decomposition interfere with the

reaction heat caused by antioxidant consumption. But this

value of EaQo = 128.4 ± 2.7 kJ mol-1 agrees quite well

with the activation energy EakdQ = 123.7 ± 3 kJ mol-1

determined from the characteristic time to the sharp bend in

the HGR curves. In both modelling the activation energies

for the intrinsic reaction rate constants have high values.

They are in the same range regarding the relatively high

standard deviation in EaC1 = 206 ± 21 kJ mol-1, EaQ1 =

161 ± 6 kJ mol-1. It seems that the reactions described by

the first (intrinsic) model part and observed by Chemilumi-

nescence change with temperature, which is not the case with

the probing by heat generation rate. Also the approximate

character of the model can cause such effects for kC1.

Summary and conclusions

A high explosive formulation based on HTPB bonded

HMX was investigated with two high sensitivity methods:

heat flow microcalorimetry, probing the net sum of all

reaction heats and Chemiluminescence probing oxidative

reaction by photon counting. In both measurement sets the

characteristic changes in the curves correlate. They are

attributed to the end of the action of the phenolic antioxi-

dant used in the formulation to protect the HTPB binder.

The times to these characteristic changes have nearly equal

Arrhenius parameters. Both methods indicate strong auto-

catalytic decomposition reactions. The data could be

described with an autocatalytic model extended by the

stabilizing reaction for the antioxidant. It is approximate

because more detailed models are not applicable with the

information provided by the measurements. But they allow

already some conclusions. The modelling revealed con-

gruence in the autocatalytic part in both data sets. The first

(intrinsic) part of the decomposition is probed differently

by the two methods, which is disclosed by the modelling.

The antioxidant reaction is directly recognized by Chemi-

luminescence whereas with heat generation some addi-

tional reaction seems to interfere.
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