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Fig.1 Process flow diagram of the Al-25W alloy block prepared by aluminothermic reduction method
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Fig.2 Process flow diagram of the preparation process of the spherical Al-25W alloy powder
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Fig.3 Characterization of the spherical Al-25W alloy powder: SEM photographs(a,b) (Where, (b) is the magnification of the

area selected in (a)), the mass percentage of the elements contained(c), the XRD pattern (d), the SEM photograph of the sin-

gle particle cross section(e), the EDS spectra (f,g) of the two positions in (e), respectively
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Fig.4 Characterization of the AI-25W* alloy powder: the SEM photographs(a,b) (where, (b) is the magnification of the area

selected in (a)), the XRD pattern(c), the SEM photograph of the single particle cross section(d), the EDS spectra (e, f) of the

two positions in (d), respectively, the EDS point scanning results(g)
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Fig.7 Characterization of the 750 °C heat-treated product of the Al-25W alloy powder: the SEM photographs(a,b) (where, (b)

is the magnification of the area selected in (a)), the XRD pattern(c) , the SEM photograph of the single particle cross section

(d), the EDS spectra (e,f) of the two positions in (d), respectively, the EDS point scanning results(g)
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Fig.10 Mass combustion enthalpy (H,) and volume combus-
tion enthalpy (H,) of the Al-25W and Al-25W * alloy pow-
ders (3 MPa pure oxygen)

R AIL25W 5 AIL25WH 5 4 19 5 B2 5 4R B o dis
Table 1 Combustion enthalpy and density data of the
Al-25W and Al-25W * alloy

sample H,/)-g™" p/g-cm™ H,/)-cm™

Al-25W 23992.0+£175.6 83132.1+608.5
3.465+0.002

Al-25W* 23609.0+£222.4 81805.2+770.6

Note: H, is mass combustion enthalpy, p is density, H_ is volume combus-

tion enthalpy.

— Al-25W v wAlLO,
—AI’-%SW "v v v +AL(WO,),
v
4 e 4900l 4 ¢ ¢ v "pu VeV

intensity / a.u.

0 20 30 40 5 60 70 8 90
angle /(°)
11 AlL25W 55 AL-25WH3 BB AR B ™ ) 1 XRD 143
Fig.11 XRD patterns of the combustion products of the Al-25W
and Al-25W * alloy powders
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1300 °C

In-situ SEM photographs of the oxidation products of the spherical Al-25W alloy powder at different temperatures
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W25 5 A4S ) ik (83132.1+608.5) J-cm™, 1%
BAE A AL KT 3 MPa 4l 485 B 5T ALK Y S2
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Fig.12 The photos of the internal support of the cartridge before (a) and after(b) the violent combustion of the Al-25W alloy

powder, respectively,the XRD pattern(c) and in-situ SEM photograph(d) of the yellow powder products, the XRD pattern of the

product after 1400 °C treatment of the Al-25W alloy powder combustion product(e)
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Oxidation Behavior and Energy Performance of the Spherical Al-25W Alloy Fuel Powder

HU Ao-bo, CAI Shui-zhou, ZOU Hui
(State Key Laboratory of Material Processing and Die & Mould Technology , School of Materials Science and Engineering » Huazhong University of Science and
Technology , Wuhan 430074, China)

Abstract: In order to obtain a new type of alloy fuel with excellent thermal oxidation and energy release performance, the spheri-
cal aluminum-tungsten alloy fuel powder (Al-25W) was prepared by the combination of aluminothermic reduction and
ultra-high temperature gas atomization. The phase structure, oxidation behavior, and energy properties of the alloy powder were
studied. The results show that the metastable Al/W alloy phase in the spherical Al-25W alloy powder particles is uniformly distrib-
uted in the pure Al matrix, and transform into the Al,,W phase after the stabilization treatment, and the energy is released to the
outside. The spherical Al-25W alloy powder has higher oxidation heat release and oxidation weight gain than pure Al powder. It
can be completely oxidized in air at 1400 °C, with all W atoms oxidized to WO, and volatilized in the gaseous form. The residu-
al oxidation product is only Al,O,. The measured volumetric combustion enthalpy of the spherical Al-25W alloy powder is higher
than that of pure Al powder (83000 J-cm™) calculated theoretically, up to (83132.1£608.5) J-cm™, and the gaseous combus-
tion product WO, is generated during the violent combustion.

Key words: Al-25W alloy powder; aluminothermic reduction; ultra-high temperature gas atomization; Al/W alloy phase; oxida-
tion behavior;energy performance

CLC number: TJ55;V311 Document code: A DOI: 10.11943/CJEM2022294
Grant support: National Natural Science Foundation of China(No. 51871106)

(idhi: £ 4)

Chinese Journal of Energetic Materials, Vol.31, No.8, 2023 (743-752) A A AL www.energetic-materials.org.cn



