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Abstract. The problem of increasing the efficiency of metal components 

in the composition of high-energy fuel compositions by complete or partial 

replacement of aluminum by metal borides is considered. In this paper, we 

present and analyze the experimental results of the investigation of the 

ignition and combustion of mixtures based on a hydrocarbon and active 

binder with inorganic oxidants and energy-intensive fillers. 

Introduction 

A promising trend of solution to the problem of increasing the efficiency of the metal 

componentsas part of high energy fuel compositions is seen as full or partial substitution of 

aluminum for high-energy borides of metals. In this case, the high energy characteristics of 

metallic fuel compositions is achieved due to the increased heat of combustion components 

and by increasing the chemical conversion rate of metals into oxides [1, 2]. 

It is known [2] that the heat of combustion of boron is almost twice the calorific value 

of aluminum and the oxidation onset temperature of boron is much lower than that of 

aluminum. However, due to the specific properties of boron oxide B2O3 (high value of 

boiling temperature and viscosity of liquid oxide) the oxidation degree of elemental boron 

at its introduction into the fuel is small. Even in oxygen-containing environment, the 

combustion efficiency of boron is only 26,5 %(3). One of the solutions to implement high 

heat of combustion of boron in the fuel composition is its use in the form of borides of 

aluminum [3, 4].  

Borides of aluminum has low binding energy between the atoms Al and B (67 kJ/mol). 

Therefore, they can be considered as alloys, and in the preflame area, they will decompose 

into Al and b, and separately enter into a chemical reaction with oxygen. Aluminum that 

forms high temperature combustion products, will contribute to the efficient combustion of 

boron [5, 6, 7]. 
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Results of calculations 

In the present work the results of experimental studies of ignition and burning of mixed 

compositions on the basis of hydrocarbon (HB) and active (AB) binder with inorganic 

oxidizing agents and heavy fillers (Al, B, AlB2, AlB12, TiB2) are presented.

As a hydrocarbon binder (HB) the divinyl rubber solution in the petroleum oil in a ratio 

of 20/80 (SKDM-80) was used. Active binder (AB) consists of a solution of the 

methylprednisolone copolymer in eutectic mixture of nitrate ester with nitramines (NWT-

ASPECTS) [8]. Oxidizers were ammonium perchlorate bidispersed fraction (60% size  

165-315 microns and 40% less than 50 microns) and ammonium nitrate with a particle size 

of 165-315 microns.The coefficient of excess for oxidant of model compounds on HB is 

0.5, and on Al – 0.64. Samples of cylindrical shape were produced by the method of 

through passage pressing. The diameter of samples is 10 mm. Thecontent of components in 

the model formulations is given in table 1 

Table 1. The compositions of energy-intensive compositions.

Composition
The content of components, wt.%

PHA ON SKDM-80 NWT-
ASPECTS Metal, mark

Al 69.0(b/d) 16.0 15.0 Аl

А2 74.0(b/d) 11.0 15.0 В

А3 71.4(b/d) 13.6 15.0 AlB2

A4 73.2(b/d) 11.8 15.0 AlB12

A5 70.2(b/d) 14.8 15.0 TiB2

B1 21.3 49.8 13.9 15.0 Аl

В2 22.5 52.5 10.9 15.0 В

В3 21.9 51.3 11.8 15.0 AlB2

B4 22.5 52.3 10.0 15.0 AlB12

B5 21.6 50.4 13.0 15.0 TiB2

C1 15 35 20 30Аl

С2 18 42 25 15 В

С3 15.6 36.4 23 25 AlB2

C4 17.4 40.6 25 17 AlB12

C5 15.9 37.1 23 24 TiB2

Studies of the ignition of model mixed compositions were performed in air at 

atmospheric pressure through heat flux radiation exposure from a xenon lamp in an optical 

furnace "Uranium -1" [9].

The radiation from the xenon lamp is focused by an elliptical mirror into a spot with a 

12 mm diameter. The installation provides at least 95% light flux stability in the radiation 

intensity range Q = (5 ÷ 400) W/cm
2
. The intensity of thermal radiation was measured with 

a copper calorimeter with an error not exceeding 10%. The ignition delay time, tign, was 

determined by the appearance of a flame recorded by means of photodiodes on an H117/1 

oscilloscope. The error in measuring the delay time of ignition of the mixture compositions 

did not exceed 7%. 

For all compositions (Table 1), the values of the ignition delay time from the intensity 

of thermal radiation in the range (15 ÷ 100) W/cm
2
are determined. 
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Since in the investigated range of heat flux experimental data, presented in logarithmic 

coordinates, reasonably well fit to a slope line, which correspond to the exponent in the 

chart of tign=aq-n
, the experimental results can be conveniently represented in the form of 

parameters (-n and tign for a given q) in table 2. 

Table 2. Characteristics of ignition and combustion of the mixed compositions. 

In addition, the table shows the values of energy required for ignition (Q), the values of 

the stationary burning rate of compositions in the air at atmospheric pressure (U), the 

performance parameters of the boron and borides chemical activity in comparison with 

aluminum under the conditions of ignition (K1) and combustion (K2). 

Conclusion 

Analysis of experimental results showed that the direct correlation of the ranks of the 

compounds reactivity in terms of ignition and combustion is not observed. However, it is 

Composition
tign,, s
with 

54W/cm2 tз=Аq-n
Q, J/cm2

with 
54 W/cm2

K1=Qal/Qi U, mm/s K1=U1/UAc

A1 0.33 1.61 17.8 1.00 1.06�0.01 1.00

A2 0.21 1.45 11.3 1.57 1.71�0.02 1.61

A3 0.25 1.55 13.5 1.32 1.15�0.01 1.08

A4 0.34 1.25 18.4 0.97 1.08�0.02 1.02

A5 0.55 1.36 29.7 0.60 1.21�0.04 1.14

B1 0.50 1.58 27.0 1.00 0.20�0.02 1.00

B2 0.24 1.50 13.0 2.08 1.00�0.02 5.00

B3 0.38 1.50 20.5 1.32 0.60�0.02 3.00

B4 0.39 1.45 21.1 1.28 0.33�0.02 1.65

B5 0.62 1.43 33.5 0.81 0.18�0.02 0.9

C1 0.75 1.48 40.5 1.00 1.47�0.07 1.00

C2 0.45 1.20 24.3 1.67 1.93�0.07 1.31

C3 0.44 1.27 23.8 1.70 2.40�0.20 1.63

C4 0.46 1.20 24.8 1.63 1.42�0.08 0.96

C5 0.69 1.25 31.3 1.29 0.31�0.03 0.21
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impressive to see that in the investigated conditions, the boron and the borides of aluminum 

accelerate the process of ignition and combustion of model compositions. 

This work was supported financially by the Ministry of Education and Science of the Russian 

Federation in terms of state order, project code 9.9036.2017.
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