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Fig.1 Schematic diagram of a rapid-oxidation furnace
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Fig.2 SEM images of Al and Al/nFD powders

WURL R ~F 2 7 0/
A AR IEE

TEF AI/AFD e W% 52 6 UKL T 3R 23 A 15 O, HW
7 2 T AR AT AL FOC R (9 EDS Wil 3 firs . M
&l 3 AT LU H ALFRF oG 3R A Uk H 52 35 5 530

ALK A [F] PVDF % 5 9 Al/nFD 9 XRD 3% 4n
K 4 FF s, /] LLE L PYDF 5 ALK BR B i & )5
Al/nFD ) XRD i& K Z 1% A B % 22 5%, L B/R Al
Fi i . X B PVDF A1 ALK 7E = AE BR B 1o 72 v AH
] ¥ A & A A2 SO, 25 45 18] 3 i EDS 45 SR AT,
PVDF 7€ Al LR i S 5 5] op RS . NI 4 16 W] LR

X & PVDF ST ABLIE T &

e. /-\|/6FD

a. surface topography

b. cross-section topography

3 Al/AFD BHA ) SEM-EDS 3%
Fig.3 SEM-EDS images of Al/4FD powders
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Fig.6 XRD patterns of Al and Al/4FD powders oxidized for

5 min at different temperatures
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Fig.7 SEM images of Al and Al/4FD powders oxidized for

5 min at different temperatures
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Fig.8 Active Al contents of Al and Al/4FD powders oxidized
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Fig.9 XRD patterns of Al and Al/4FD powders oxidized for different time at 1000 °C and 1100 °C
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Fig.10 SEM images of Al and Al/4FD powders oxidized for different time at 1000 °C and 1100 °C
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Fig. 11 Weight-Time curves of Al and Al/4FD powders at
1000 °C and 1100 °C
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Preparation and Properties of of PVDF/AI

ZHANG Cheng'’, YANG Wen-jin’, SONG Jiang-wei*, ZHANG Jun-qgi’

(1. School of Materials Science and Engineering , Northeastern University , Shenyang 110819, China: 2. Shenyang National Laboratory for Materials Science ,
Institute of Metal Research , Chinese Academy of Science , Shenyang 110016, China)

Abstract: To address the low energy release efficiency of aluminum powder as a metallic fuel, aluminum-based composite fuels
containing 3%-6% polyvinylidene fluoride (PVDF) were prepared using mechanical alloying. The powders were characterized
using scanning electron microscopy (SEM) and X-ray diffraction (XRD) to analyze their microstructures and phase compositions.
The active aluminum content was measured by gas volumetric analysis, and the combustion calorific values were determined us-
ing oxygen bomb calorimetry. Thermal oxidation properties were evaluated through thermogravimetric-differential scanning calo-
rimetry (TG-DSC) and a custom-built rapid heating oxidation setup. SEM and XRD results revealed that the composite aluminum
powder modified with 4% PVDF dispersion prevented the formation of a continuous Al.Os shell during heating. TG-DSC analysis
showed a 76.7% oxidation weight gain at 1300 °C for the composite powder, representing a 35.8% improvement over pure alu-
minum powder (40.9%). Rapid oxidation tests at 1100 °C demonstrated a 64.6% weight gain after 120 s for the composite pow-
der, which is 41.2% higher than the 23.4% weight gain of pure aluminum. These findings highlight the critical role of PVDF dis-
persion modification in enhancing the oxidation activity and efficiency of aluminum powder.

Key words: oxidation properties;polyvinylidene fluoride (PVDF) ;activation of aluminum powder;oxidative weight gain
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The composite aluminum powder modified with 4% PVDF dispersion was prepared using the mechanical alloying method and
comparatively analyzed with pure Al powder. Compared to pure Al powder, the PVDF decomposes during oxidation and reacts
with the Al component. The sublimation of the resultant AlF; prevents the formation of a continuous and intact Al,Os shell on the

Al particle surface, thereby effectively enhancing the oxidation energy release activity of aluminum.
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