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Fig.1 Laser ignition experimental system

1—ignition control module, 2—mirror, 3—combustion cham-
ber, 4—sample, 5—three-way valve, 6—pressure gauge, 7—
gas cylinder, 8— ignition and combustion chamber module,
9—combustion diagnosis module, 10—high-speed camera,
11—high-speed thermometer, 12—fiber spectrometer, 13—
computer, 14—data processing module, 15—laser power,
16—synchronization trigger, 17—circulating cooling water,
18—CO, laser
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Fig.3 DTG curves of the samples

120 4
90 1
60
30

heat flow / mW-mg”

-30

0 200 400 600 800 1000
temperature / C

B4 FF DSC ik
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Table 1 Thermal oxidation characteristic parameters

stage 1(300 °C ~600 °C) stage 2(700 °C ~900 °C)

heat release

No. initial reaction  mass loss initial reaction

mass gain

temperature/°C /% temperature/°C /% N-g
1% 425.7 63.86 725.8 29.12 6942
2% 327.6 66.77 714.9 34.23 4781
3% 356.7 61.52 703.8 34.03 7287
4% 384.1 68.40 705.7 31.39 9968
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Fig.6 lIgnition delay time and combustion time
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Fig. 8 Maximum spectral intensity curves of the samples at
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Table 2 Integration results at a characteristic wavelength of
700 nm
No. 1* 2* 3* 4%
integration ~ 8.05E6 7.00E6 9.22E6 9.62E6
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Table 3 Average combustion temperature of the samples

No. 1# 2# 3# 4t

average combustion temperature

/°C 667.0 642.8 735.8 845.5
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Effect of Oxidant Coating Boron Particle on the Ignition and Combustion Characteristics of Boron-based Propellant

CHEN Bing-hong', LIU Jian-zhong' , LIANG Dao-lun', LI He-ping'*, ZHOU Jun-hu'
(1. State Key Laboratory of Clean Energy Utilization , Zhejiang University, Hangzhou 310027 , China; 2. Institute for Energy Studies, Hangzhou Dianzi Univer-
sity, Hangzhou 310027, China)

Abstract: The boron-based propellant samples were prepared through coating boron particles with a recrystallization method selec-
ting ammonium perchlorate( AP), ammonium nitrate( AN) , nitroguanidine(NQ) and octogen( HMX) as four kinds of oxidants.
The effect of different oxidant coating on the ignition and combustion characteristics of boron-based propellant was studied by
using TG-DSC and laser ignition test system. The mechanical mixing sample was set as control group. Results show that AP coat-
ing can induce low-temperature deflagration of the sample, so as to promote the low-temperature oxidation of boron particles. It
helps to effectively shorten the ignition delay time of the sample to 330 ms. By comparing with the mechanical mixing sample, the
recrystallization method was found to be the main cause of low-temperature deflagration of the sample. The sample coated by AN
has a lower initial reaction temperature of 327.6 °C. However, its whole exothermic properties are poor, the average combustion
temperature is only 642.8 °C. The coating of NQ and HMX can effectively improve the combustion strength of B-based propel-
lants, shorten the combustion time. Among them, NQ can help to improve the maximum combustion intensity. HMX is more
conducive to the upgrade of the whole combustion intensity. The coating of HMX makes the combustion time of B-based propel-
lant shorten to 2750 ms, the average combustion temperature reaches 845.5 °C and the heat release is raised to 9968 ) - g'.
Key words: boron-based propellant; oxidant; coating; thermal oxidation characteristics; ignition and combustion characteristics
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