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Abstract: Disordered alloy is a new kind of reactive material, which breaks through the design concept of traditional alloy and
exhibits excellent mechanical properties, impact energy release characteristics and adiabatic shear sensitivity, showing good
application prospects in high temperature, high pressure, high strain rates and other application environments. Analyzing the
impact energy release characteristics of reactive disordered alloy has an important guiding role for its development in the
military field and can provide the basis for the design and application of warheads for ammunition. In this paper, the impact
energy release characteristics of reactive disordered alloys are introduced from four aspects, including the energy release
phenomenon of chemical reaction, the energy release law induced by impacting, the energy release mechanism and the
regulation of the energy release behaviors. The chemical reaction showing energy release phenomenon in static and dynamic
mechanical experiments is described. The relationship between impact velocities and the energy release overpressures or the

efficiency of energy release of reactive disordered alloys is obtained. The effect between impact velocities and crushing degree
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of the reactive disordered alloys or characteristics of the target on the energy release mechanism is discussed. At the same time,
the regulation effects of preparation process and the kinds of element on energy release effect of disordered alloy materials are
summarized. This kind of alloy own good impact energy release characteristics, presented an ideal energetic structural material.
Furthermore, the research progress of reactive disordered alloys applied to warheads in military area is summarized from three
directions, including fragment, armor-piercing core and shaped charge liner. The macro and micro penetration behavior and
mechanism of warheads of reactive disordered alloys are analyzed under high-speed loading conditions. Via the design of the
structure, the good penetration and damage performance benefit from the self-sharpening and energy release characteristics of
the material. Finally, the further development trend and demands of reactive disordered alloy are prospected.

Keywords: disordered alloy; reactive metal; impact energy release characteristics; high efficiency damage
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Fig. 2 Pendulum impact test device and test phenomena in air environment>”!
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Fig. 7 Morphology and composition of the reaction products of fragment after impacting target*!

091401-5



43 % Bese, S5 IO A A i RERE R 1 T B T i N R F o

16+
60
12+
45
© o
g sr <
= = 30
ar 15}
or 0
600 900 1200 1500 1800 600 900 1200 1500 1800
v/(m-s™) v/(m-s™)
(a) FeNiMoW (b) FeNiCoCr

K8 el B AN IR S B T e

Fig. 8 Peak overpressures at different impact velocities of the high-entropy alloy fragments®*!
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Table 1 Impact-induced chemical reaction behavior of ZrTiNiCuBe™*

st BB /mm fit A B/ (mes™) V(L /MPa P fL2AR/mm $eE /mm
1 3 1450 0.02 7~10 10~15
2 3 1560 0.04 10~15 15~20
3 2 1348 0.05 20~25 20~25
4 2 1218 0.024 8~12 10~15
5 4.5 1630 0.021 7~10 8~10
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Fig. 10 High-speed photography of Zr-based amorphous alloy under dynamic compression”®”!
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Fig. 30 The oil tank penetrated by fragments''"!
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Fig. 32 Pictures of penetrator residual™®
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Fig. 40 Typical frames of the projectiles penetrating the targets™
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(b) Steel-W alloy jacketed LRP

(c) Steel jacketed LRP (v=1 372 m/s)
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Fig. 43 SEM images of tungsten wire reinforced metal glass composite residual projectile head and its vicinity
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Fig. 44 Transmission electron microscope (TEM) bright-field images of LRPs after impact?®”!
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(a) Initial FeNiCoCr HEA LRP, (b) LRP of FeNiCoCr HEA annealed at 850 °C,
v=1 039 m/s v=1 052 m/s

45 R TEM B[] b i AR T 25 ol R 25 0
Fig. 45 TEM results showging the multiple deformation twins and the stack faults””!
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Fig. 46 Fracture modes of Wf/Zr-based amorphous composite projectile at different impact velocities'
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Fig. 63 Microstructural analysis of the residual jet after penetration via EBSD: (a) IPF map of deformation zone; (b,, b,) IPF map
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Fig. 64 High-magnification BSE-SEM images (a) and line scan analysis (b) of the recrystallization region: a line scan was conducted

across two grain boundaries as displayed in (a), the corresponding locations of which are labeled with dashed lines in (b)!'"
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Fig. 65 Microstructural analysis of CoCrNi residual jet after penetration by TEM: (a) TEM images of CoCrNi residual jet, where the
white dashed line marks the nanosized precipitations along grain boundaries; (b) HAADF-TEM image of the precipitation (red
rectangle region in (a)); (c—e) Corresponding element distributions of Co, Cr, and Ni in (b); (f) SAED pattern of
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