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Study on Thermal Behaviour of AP/LiBH4 Energetic System
Xiao-yong Ding,*[a, b] Yuan-jie Shu,*[a, b] Hong-tao Xu,[b] and Zhi-qun Chen[b]

Abstract: Ammonium perchlorate(AP) and LiBH4 can form
an oxidation-fuel energetic system, which provides a new
development direction in designing novel mixed explosive
formula. The microcalorimetry and self-designed slow cook-
off setup were used to study thermal performance of AP/
LiBH4 energetic powders and grains respectively. Ex-
perimental results show that heat release in micro-

calorimetry method for the mixed system at low temper-
ature was due to the reaction between LiBH4 and residual
water vapour. The oxidant gases from AP decomposition
participate in the oxidation of LiBH4 at high temperature.
The ignition temperature for the AP/LiBH4 grain was 270 8C
and the explosion reactions were violent in slow cook-off
test.
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1 Introduction

Currently, there has been an increasing demand for explor-
ing high energy explosive to adapt to the development of
ammunition technology. However, the direct preparation of
single explosive is confronted with more and more techni-
cal difficulty. On the contrary, mixed explosive has proved a
key approach to improve explosion energy by designing
and exploring oxidant-fuel energetic systems, and repre-
sents an important research direction of weapon systems
[1–5]. Owing to the strong reactivity and high combustion
heat, metal hydrides attract great attention as candidates of
fuel additives in energetic system for several decades. In the
last century, Matzek [6] and Flynn et al [7] carried out the
work on the application of metal hydrides as energetic ma-
terials respectively. These studies indicated that higher en-
ergetic density and lower flame temperature were achieved
due to a lot of heat and light gaseous products by adding
metal hydrides in propellants. Based on Hradel’s research
[8], addition of magnesium hydride (MgH2) in explosives
could improve the total work capacity. By comparing the in-
fluence of aluminum, magnesium and their hydride pow-
ders on the properties of nitramine explosives and py-
rotechnics, Selezenev and Ward [9, 10] concluded that the
explosion characteristics in the compositions with hydride
powders were superior to that with metal powders. Cheng
et al [11] introduced MgH2 to emulsion explosives and
found that MgH2 plays a dual role as a sensitizer and an en-
ergetic material. As a hydrogen storage material with the
largest hydrogen gravimetric density, LiBH4 has a strong
chemical reactivity and is able to provide great heat of com-
bustion, which is expected to be a candidate of high-energy
combustible agent. However, few literatures about LiBH4-
containing energetic system are published.

High density compound ammonium perchlorate (AP) is
known as the representative oxidant with outstanding com-
prehensive properties and widely application in propellants,

explosives and pyrotechnics [12]. So AP and LiBH4 may form
a typical oxidation-fuel energetic system.

Most of the physical and chemical reactions are accom-
panied with heat release process which in turn characterizes
chemical reactions. Microcalorimetry is used to measure the
latent heat release during the decomposition process of a
small amount of energetic system at different temperatures
and it also has received application in explosives, gunpow-
der, pyrotechnics etc [13–16]. The cook-off experiment is an
important method in estimating thermal stability of ex-
plosive formula [17]. There are considerable researches on
cook-off thermal explosion experiments of traditional ex-
plosives [18–22]. In the present paper, thermal behaviors of
AP/LiBH4 mixture and the individual component were inves-
tigated by both microcalorimetry and slow cook-off test.

2 Materials and Methods

2.1 Materials

The LiBH4 used in the experiment was purchased from Alfa
Aesar Company (St. Paul, MN, USA). The purity was 95 %
with average particle size about 10~20 mm. AP was synthe-
sized by Xi’an Modern Chemistry Research Institute with
particle size of 10~20 mm. For AP, LiBH4 and the mixed sam-
ple of AP/LiBH4, coating processing was implemented to
avoid the air pollution by the same inert binder [23] (wax
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and polyester carbonate) (5 wt.%) in both microcalorimetry
and cook-off tests. The hydride compounds were prepared,
coated and loaded into the experimental equipments (mi-
crocalorimeter and cook-off pot) in or transferred from a
glove box with the humidity 200 ppm (0.0002 %).

2.2 Microcalorimetry Method

The C80 heat flow calorimeter by Setaram Instrumentation
Company (France) was used in the experiment. The sche-
matic diagram is shown in Figure 1. The samples were heat-
ed from 30 8C to 100 8C at 6 8C/h and then were maintained
at 100 8C for 50 h. Considering the possible chemical danger
and other uncertainty for the new energetic system, 20 mg
AP/LiBH4 (at the mass ratio of 1 : 1) mixed powders and each

individual component in 10 mg were tested respectively.
The experimental power-time curve for the AP/LiBH4 mix-
ture in 300 mg was compared with the hypothetical curve
constructed from the results of AP and LiBH4 in 150 mg.

2.3 Cook-off Test

In the present research, the small-scale AP/LiBH4 pellet was
prepared and the responding condition was studied at sev-
eral temperatures so as to provide a technical support for
the storage and safe application of AP/LiBH4. Table 1 shows
the details of samples used in the cook-off test.

The cook-off experimental device was designed and in-
stalled as the schematic shown in Figure 2.

The experimental system consisted mainly of a heating
cylinder shell with a topcap, a temperature thermocouple, a
pressure sensor and a pressure recorder. Shell materials
were all composed of general 1045 carbon steels. The cylin-
der had a 20.2 mm inner diameter, 30.3 mm length, and
2.5 mm wall thickness. The length-diameter ratio of the cyl-
inder was about 1.5, which was similar to practical usage.
The pressed samples was fixed and heated in the chamber.
The maximum clearance between explosive sample and in-
ner diameter of the shell was 0.2 mm, and the clearance in
height was not greater than 0.3 mm. The furnace offered
thermal power for the cook-off samples. When the temper-
ature reached the set value, it was maintained and adjusted
constant by PAD27 modulator. The temperature outside the
cylinder throughout the heating process was measured by a
Ni�Cd/Ni�Si thermocouple fixed at the center of the cylin-
der’s exterior with heat-resistant material. The design and
installation of heating furnace wire board can guarantee the
uniformity of temperature field in the furnace. The heating
rate was set by temperature controller typed MRl3 (The pre-
cision of temperature control is plus or minus 12 8C/h). The
pressure sensor in the middle of the topcap was used to
measure the actual gaseous pressure. The temperature and
pressure were continuously tracked while a
temperature�time curve and a pressure-time curve were re-
corded respectively.

In consideration of experimental risk, the heating rate
was set as 3.3 8C/h initially to avoid a sudden exotherm and
then it was controlled at 60 8C/h after the temperature
reached 60 8C. Samples AP, LiBH4 and AP/LiBH4 grains were
heated in the above device and all stayed isothermal at
60 8C, 100 8C and 180 8C for 5 h in their heating process to
investigate the responding state of samples respectively.
Curves of temperature-time and pressure-time were ob-
tained from the research on the decomposition character-
istics of the three samples. Two parallel tests were per-
formed for each component in the similar condition.
Followings are the details of experimental conditions in Ta-
ble 2.

Figure 1. Structural composition of heat flow calorimeter.

Table 1. Sample formulas in cook-off tests.

Samples w(AP)% w(LiBH4)% w(binder)% Pellet size [mm]

1# 95 0 5 Ø20 3 30
2# 0 95 5 Ø20 3 30
3# 90 5 5 Ø20 3 30

Figure 2. Experimental set up of cook-off test.
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3 Results and Discussions

3.1 Thermal Behaviour of AP/LiBH4 Powder

Figure 3 shows the temperature-time and heat-time curves
of three heated energetic samples. According to the liter-
ature [24], AP commences an exothermic decomposition at
more than 230 8C generally. As Figure 3(a) shows, no sig-
nificant heat release is observed below 100 8C for AP. There
is also no crystal transformation of AP powder occurred.
Heat flow curve for 10 mg LiBH4 is flat with increasing of
time and temperature. However, when LiBH4 mass increases
to 150 mg, the heat release is clear (Figure 3(b)).

LiBH4 usually crystallizes with an orthorhombic structure
in a tetrahedral configuration at normal temperature and
crystallizes with a hexagonal structure at high temperature
[25–29]. The exothermic characteristics for LiBH4 in Fig-
ure 3(b) were also found by Lang et al [30] who attributed it
to the phase transition from the low temperature to high
temperature. They concluded that the exotherm was due to
hydrogen release from a solid solution of LiBH4 at low tem-
perature phase, but was not caused by air contamination. A
slight hydrogen desorption of 0.3 to 1.3 wt.% was observed
during the structural phase transformation process [31, 32].
However, the LiBH4 studied in the research was used under
2 3 105 Pa of hydrogen with a 20 8C/min ramp. Therefore,
their conclusion needs more discussion in details. Without
further evidence, air contamination is still believed as the
main approved interpretation in our test. In fact, the effect
of the air for LiBH4 is proved to be hard to neglect in many
studies [33–35].

The exothermic characteristics for the samples contain-
ing 150 mg LiBH4 are listed in Table 3. Two exothermic
peaks are observed in Figure 3(b) and (d). The beginning
and end temperatures of transition are given while the val-
ues in parentheses are peak temperatures. Table 3 presents
also the first exothermic peak temperature at the heating
process while the second peak appears at the isothermal
stage. Mixed AP/LiBH4 presents different heat-time curves
with different loads in Figure 3(c) and 3(d). It shows that no
heat fluctuating is observed in the experiment for AP/LiBH4

with the loading of 20 mg, while a remarkable but small
exothermic peak emerges for 300 mg AP/LiBH4 in the heat-
ing process. However, there is no significant difference be-

Table 2. Details of temperature condition.

Temperature [8C] Heating rate [8C h�1] Time [h]

< 60 3.3 /
60 / 5
60~100 60 0.67
100 / 5
100~180 60 1.33
180 / 5
180~400 60 /

Figure 3. The curves of heat flow and temperature of samples.
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