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Table 1 Mass percentage of each component in the sample
formulations %
sample Al B Mg MgH,

Al 100 — — —

ABM 60 25 15 -

ABM-H 70 15 — 15
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Fig.1 Scanning electron micrograph of sample materials
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Fig.2 Scanning electron microscope and elemental analysis

diagram of ABM sample
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Fig.3 Scanning electron microscope and elemental analysis

diagram of ABM-H sample
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Table 2 Heat of combustion test results

sample g/MJ-kg”' Gg/MJ-kg” s Q/MJ-kg m/ %

29.9
Al 29.8 29.8 0.0577 31.0 96.1

29.8

34.0

ABM 34.0 90.7
34.1 0.1155 37.6

34.2

32.4

ABM-H  32.2 91.5
32.2 0.1528 35.2

32.1

Note: g is the measured heat of combustion. g is the measured heat of com-

bustion. s is the standard deviation. Q is the theoretical heat ofcombus-

tion. n is the system combustion efficiency.

IR T B RS BT E VE A AI(31.0 MJ-kg™)
B 1.94%, 4 58.8 MJ-kg"'®. FIA B, ¥ M E Ak
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/N FECKBEFE 100~110 m) 2Z (8], H e/ o5k RE B 25
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Fig.5 Ignition energy test results of three samples at different
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mass concentrations
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Fig.6 Flame propagation process of three samples with mass concentration of 625 g-m™
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Fig. 11

ples at the peak of the highest flame surface temperature

Infrared transient temperature field of different sam-
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Combustion Characteristics of Ternary Reactive Metal Fuels AI/BMg and AI/BMgH,

CHENG Zhi-peng', XIA Yu', LUO Yi-min', MA Teng', XU Fei-yang', ZHANG Yu', WU Xing-liang', XU Sen'**

(1. School of Chemical Engineering , Nanjing University of Science and Technology , Nanjing 210094, China; 2. China National Quality Supervision Testing
Center for Industrial Explosive Materials , Nanjing 210094, China)

Abstract: To investigate the combustion characteristics of ternary active metal fuels Al/B/Mg (ABM) and Al/B/MgH, (ABM-H) ,
the heat of combustion and minimum ignition energy were studied by using an oxygen bomb calorimeter and a Hartmann tube,
respectively. The sub-transient process of flame propagation and the spatiotemporal distribution characteristics of temperature
fields were determined by using a high-speed camera system and a high-speed infrared camera system. The results indicate that
the calorific values of ABM and ABM-H are 34.1 and 32.2 MJ-kg™", respectively, exhibiting increases of 14.4% and 8.1% over
pure Al (29.8 MJ-kg™). The minimum ignition energies of ABM, ABM-H, and Al are 160-170, 100-110, and 20-30 mJ, re-
spectively. Compared to pure Al, the combustion duration of ABM and ABM-H increase by 65.5%, 34.5% and the peak flame
propagation velocities increase by 12.6%, 23.0%, respectively, at a mass concentration of 625 g-m™. At a mass concentration
of 500 g-m™, ABM-H and ABM exhibit the largest peak flame propagation velocities by 45.05, 38.7 m-s™', and the maximum
temperatures peak of flame surface by 1856, 1717 °C, respectively, where ABM-H shows a 7.6% improvement on temperatures
peak of flame surface and a faster heating-rate compared to ABM. It suggests that the ABM and ABM-H formulations significantly
reduce the explosion risk of the dust/air mixture, and significantly improving the combustion performance. ABM demonstrates su-
perior thermal effects in calorific value and duration of combustion, whereas ABM-H exhibits higher reactivity in terms of mini-
mum ignition energy, flame propagation speed, and temperature rise rate.

Key words: ternary reactive metallic fuels;minimum ignition energy;flame propagation characteristics;temperature field distribu-
tion
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