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Abstract

To study combustion characteristics of nanothermite Al/Bi,0s;, a one-dimensional combustion
model was established based on solid heat-transfer, combustion theory and chemical kinetics. By
using COMSOL Multiphysics, combustion characteristics of nanothermite Al/Bi»03; were simulated.
The results show that there are three steps in the reaction, including heating up before combus-
tion, diffusion of combustion and local thermodynamic equilibrium. The Al/Bi;0; with stoichi-
ometric ratio (2:1) has the best combustion characteristics. The highest equilibrium temperature,
reaction rate and combustion velocity are 4217 K, 1.36 x 107 s-1and 671.6 m/s respectively. With
the decrease of particle size and activation energy, equilibrium temperature decreased, but the
reaction rate and velocity of combustion increased. And the reaction delay time depended on the
activation energy.
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Figure 1. Preheating and reaction zones in nanoscale thermite reaction
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Table 1. Parameters in simulation of combustion characteristics of nanothermite Al/Bi,O4
= 1. Al/Bi,O; PIRFFIE T E S A

ZH il 24 ¢ i
Ex/(kJ-mol ™) (40 nm) 222 [12] c/(kg “K™ 219[13]
E.2/(kJ-mol *) (24 nm) 2231 c/(J'kg K™ 1150 [13]
E.s/(kJ-mol *) (100 nm) 243 ky/(W-m K ™) 157 [13]

E.o/(kJ-mol ™) (2000 nm) 343 ko/(W-m ™ -K™) 237.3[13]
Ho/(kJ/g) 2.12 pr/(kgm™®) 2.7[13]
0 85% pal(kgm™®) 3.9[13]
At/ms 0.001 Ax/imm 0.001

VE: Ea B FEIRIAEN 40 nm (WS L B L AUBI O iEALAE, Eps Eas Ea 20 IR R THRI4EN 24 nm. 100 nm. 2000 nm [HFEiE1L
SR AUBILOs iEALEE, B AL RIARARAL TR BERZ I I R [L4] 08 s 0 RonTREWITLBRAER: At. AX /3 BIRRBEASRAEEFZ M E) ., =
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Figure 2. Temperatures as a function of time and location in Al/Bi,O3 reaction
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Figure 3. Chemical reaction rates as a function of time and location in Al/Bi,O5 reaction

Bl 3. RRRFFERTE, BT LR

3.2. Al/Bi,O; BRIR4F M 520 E &

3.2.1. Bgke

2 [ NIRLAR S R AR R AR, LA 40 nm ALY 47 nm Bi,O5 I E AR A, Al Al Bi,Og i EE /K
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Figure 4. Heating curves of the ignition with different mole ratio of Al/Bi,0O5
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Figure 5. Ignition delay time as a function of mole ratio of Al/Bi,O3
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Figure 6. Propagation velocities of combustion and maximum rates of reaction as functions of mole ratio of Al/Bi,Os. (a)
Propagation velocities of combustion; (b) Maximum rates of reaction
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Figure 7. Heating curves of the ignition with different particle size

7. NERHRIEM R R A

Table 2. Results in simulation of combustion characteristics of Al/Bi,O5; with different particle size

% 2. REHIR AlBILO; B & MRS B R

R4 /nm S IR TIK PEIB LR el s TR A R HE Vim-s™ RKITAl/ms
2000 47575 1.932 x 10° 104.4 50.43
100 4263.44 1.012 x 10’ 522.2 35.84
40 4217 1.36 x 10’ 671.4 32.65
24 4258.02 4.269 x 10’ 783.3 32.78
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