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Table 1  Surface energies of Fe,O, (104) and Fe,O, (110)
surfaces with different number of layers
surface n N, N y/)-m™?
7 8 14 1.58
10 12 20 1.58
FS1
13 16 26 1.58
16 20 32 1.58
8 12 16 1.83
11 16 22 1.82
FS2
14 20 28 1.82
17 24 34 1.82
6 8 12 1.94
9 12 18 1.92
FS3
12 16 24 1.92
15 20 30 1.92
6 8 12 1.47
9 12 18 1.41
FS4
12 16 24 1.41
15 20 30 1.41
7 12 12 4.52
10 16 18 4.52
FS5
13 20 24 4.51
16 24 30 4.54
8 8 18 3.48
11 12 24 3.44
FS6
14 16 30 3.44
17 20 36 3.44

Note: n is the surface thickness, N, is the number of Fe atoms, N is the

number of O atoms, and vy is the surface energy.
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Table 2 Adhesion work (W,,) of five Al/Fe,O, interfaces

system interface W, /)-m™

AFS1 3.92
Al(111)/Fe,0,(104) AFS2 3.27

AFS3 3.43

AFS4 2.98
Al(111)/Fe,0,(110)

AFS5 3.02

Note: W, is the adhesion work.
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Fig.4 Differential charge density and plane-averaged differ-

ence charge density of AFS1 (a, b) and AFS5 (c, d) (Yellow
and blue colors represent the increase and decrease in charge

density, respectively)
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Fig.5 The partial density of states of Al/Fe,O, interfaces: (a)
AFS1 interface; (b) AFS5 interface. Al(Bulk), O(Bulk), A
(Interface) , and O (Interface) represent the inner Al and O

atoms and interface Al and O atoms, respectively.
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Interface Structure and Stability of Al/Fe,O, Nano-thermite: A Periodic DFT Study

XUE Chuang', GAO Pin’, WANG Gui-xiang', GONG Xue-dong'
(1. School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. National Quality Supervision
and Insepection Center for Industrial Explosive Materials , Nanjing 210094, China)

Abstract: Nano-thermites, as one kind of energetic composites, have wide applications. A systematic study on the relationship
between the interface structures and properties has great significance for the preparation of the new nano-thermites with excellent
performance. The structures and energies of Fe,O,(104) and Fe,O,(110) surfaces and the structures, bonding properties, and
adhesion work of Al(111)/Fe,0,(104) and AlI(111)/Fe,O0,(110) interfaces (AFS1, AFS2, AFS3, AFS4 and AFS5) were studied
with the periodic density functional theory in this work. Results show that O-terminated Fe,O,(104) and Fe,O,(110) surfaces
and the interfaces formed by these surfaces with AI(111) are more stable than those of the (104) and (110) surfaces of Fe,O, re-
spectively. Among 5 of the Al/Fe,O, interfaces, the interfaces composed by the O-terminated Fe,0,(104) and Fe,O,(110) surfac-
es with AI(111), i.e., AFS1 and AFS5, have the maximum adhesion work (3.92 J-m™ and 3.02 J-m™, respectively), and AFS1
is more stable than AFS5. In these two most stable interfaces, the Al atoms stack on the top position of the O atoms of the Fe,O,
surfaces and the binding of Al and Fe,O, surfaces is mainly through the Al-O ionic bonds.

Key words: periodic density functional theory;nano-thermite;Al/Fe,O,;interface structure;interface stability
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