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1.1 XBREMESMER
JE A RL : BROE OK 8808 (AL 4~5 wm) |, G2V By R 7}
BATBR 2~ 7 5 PVDF, 2 5 bk A2 A B £ A7 BR 2 7 5

R AR T AN R o3 A A AR 2 8L

N, N-—"H 3£ F Bt 2 (DMF, 99.8% ) , [ 25 4 A 1k 27 it
FIA PR A AR (AP, 25,120 pm) , KICHL
#HTPB, (1 28) (% R ¢ g (DOS) 1 53 196 /5% [l
TSRERER (IPDL) BT T A AL R A BR A 7

4R 3 & BT B F B3 BE (FE-SEM) |, Ultra
Plus, Zeiss; #4 5 - 22 /R 14 52 UL (STA) , STA449F3,
NETZSCH ; X S £ )t HL ¥ fig 11 (XPS) , AXIS SUPRA+;
18 HL 728 80 2T AP 6% (FTIR) L iNT10-iS50; X 5 28 7 4
X (XRD),SmartLab SE.
1.2 H&EILRE

(1)AI@PVDF & & #i : Z RSk v i 7 77 -6 73 571
Y. NaOH T fk 2K 48 8 0 1l 25 8 7K/ &
BB ST F , 4 0.4 mol-L" A9 NaOH & i Ab Bl 7% 1L 3=
T ; PVDF A B M 2 &5 i 2%,4%,6%,8%,10%,
12%,14% 1) PVDF 43 5| % fift T DMF 3 W b, 9212 i
IR BIR AW PR 1 b, &0k O A
60 CH % Tl , i & 3145 Al@PVDF Z &8y, v 24 N
Al@PVDF_x%(x=2,4,6,8,10,12,14),

(2) R 5 [ A 28 50 R FH 2 3R e o vk il 4500
B A HTPB B 38 5] DOS il [ 4k 7] IPD K I A
A BORIR A b e ¥4 . A ¥ Al@PVDF & &
¥ GEARR AP AR AR B 1A, I 7840 1R A AR e
FREESORL . BB SRORMEI A R DU R M i L T, 60 °CHiE
M EAL 7 do ARG , FHBE & T R8s 20K o U R
R R FE H SR M L BHBA R (R G B4R T R 2
Pt ), DA UE H 7R J5 22 88 958 W 3k i R 408 4 T 9 o T 4
o AR PVDF (88 0 55 AR 56 T 4 4 4 7004 ot A
0 N FO,F1,F2,F3,F4,F5,F6 Fll F7, H:4H 43 K Hxk hy
M ERAR T AES B R 1, 40 XS BOR FH NASA(CEA)
PP AR R

Table 1 Detailed components and ideal work parameters of propellants
components / % work parameters
samples
Al@PVDF AP HTPB DOS IPDI I,/ N-s kg’ T./K

FO 17 0 68 12 2 1 2587.2 3318.39
F1 16.66 0.34 68 12 2 1 2582.6 3294.24
F2 16.32 0.68 68 12 2 1 2577.5 3269.61
F3 15.98 1.02 68 12 2 1 2572.0 3244.47
F4 15.64 1.36 68 12 2 1 2566.1 3218.81
F5 15.30 1.70 68 12 2 1 2559.7 3192.61
F6 14.96 2.04 68 12 2 1 2552.9 3165.85
F7 14.62 2.38 68 12 2 1 2545.6 3138.52

Note: I is the ideal specific impulse of solid propellant samples and T_is the adiabatic flame temperature in combustion chamber.
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Fig.1 SEM images of raw-Al and AI@PVDF powders with different PVDF-coating contents and results of particle size distributions
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Fig.2 FT-IR, XPS and Al 2p spectra of raw-Al and AI@PVDF_8% powders
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Fig.3 TG and DSC curves of raw-Al and AlI@PVDF powders with different PVDF coating contents
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Fig.4 SEM and EDS images of cross sections for FO~F7 samples
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Table 2

samples

Burning rates and pressure exponents for FO—F7

burning rates (r) under different pressures (p)

samples /mm-s’' r=ap”
0.5MPa  1.0MPa 1.5MPa 2.0 MPa

FO 3.27+0.05 4.34=0.09 5.13x0.13 6.09+0.13 4.38P°*
F1 3.55+0.14 4.55+0.05 5.39+0.06 6.62+0.13 4.69P°%
F2 3.75+0.06 4.68+0.05 5.59+0.13 6.82+0.09 4.87P"*
F3 4.34+0.08 5.10+0.10 6.28+0.13 7.06+0.13 5.39P"°°
F4 4.04+0.07 4.82+0.04 5.69+0.08 6.83+0.12 5.05P"
F5 4.51+0.05 5.39+0.20 6.21+0.12 7.59+0.22 5.61P"%
F6 4.49+0.19 5.20+0.08 6.03+0.12 7.00£0.11 5.42P"%
F7 5.69+0.15 6.37+0.27 7.50+0.20 8.10£0.23 6.67P"*°

Note: ris the burning rate of propellant samples in mm-s™; p is the pressure
in MPaj; a is the burning rate coefficient and n is the pressure expo-

nent calculated by the Vielle equation.
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Fig.10 SEM images of condensed combustion products for FO-F7 samples
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Table 3 Semi-quantitative results of XRD patterns

coating content of relative content / %

SMPIES byDE % Al ALO,
FO 0 26.8 73.2
F1 2 12.0 88.0
F2 4 6.6 93.4
F3 6 5.5 94.5
F4 8 5.8 94.2
F5 10 3.4 96.6
F6 12 2.7 97.3
F7 14 1.2 98.8

A0 1] AT 3R A 6 55 b B S 3 AR AL O T K 9 ALO,
Ho Z5 b L PVDF Y AL 2 58 o 30 R 58 A 3R A R b
TR BB, H CCPs 45 # Fifi PVDF & = 34 i i1
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HL
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Fig.12 Schematic diagrams of morphological evolution of aluminum particles during solid propellant combustion
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Influence of PVDF Content on the Combustion Performances of Aluminum-Based Solid Propellants

CHEN Wen-cong®, DENG Hao-yuan’, SHI Qing-wen’, ZHANG Zi-yi'*, SUN Yi'*, LUO Guo-giang’, SHEN Qiang’
(1. Hubei Longzhong Laboratory, Wuhan University of Technology (Xiangyang Demonstration Zone) s Xiangyang 441000, Hubei, China; 2. State Key Lab of
Advanced Technology for Materials Synthesis and Processing » Wuhan University of Technology , Wuhan 430070, China)

Abstract: To elucidate the effect of polyvinylidene fluoride (PVDF) content on the combustion performances of aluminum-based
solid propellants, AI@PVDF composite powders with coating contents ranging from 2% to 14% were prepared via the solvent
and non-solvent method. The thermal reactivity of AI@PVDF composite powders and the energy release and combustion perfor-
mances of the corresponding solid propellants were analyzed using thermogravimetric-differential scanning calorimetry, constant
volume combustion tests, and simultaneous ignition experiments. Results indicate that the PVDF coating significantly enhances
the thermal reactivity of aluminum. At the 6% PVDF coating content, the aluminum powder achieves the maximum thermal
weight gain and exothermic enthalpy value of 78.96% and 16.14 kJ-g™', respectively. As the PVDF content increases, the energy
release of solid propellants exhibits a trend of initial increase, following by a decrease, subsequent re-increase, and final de-
cline, and reaching the maximum heat release of 6026 J-g™' and pressurization of 4.45 MPa at 10% coating content. The ignition
delay time of aluminum-oxygen reaction decreases from 53 ms to 12 ms. The pressure exponent of burning rate underwent a
three-stage evolution, declining from 0.43 to 0.36, and further to 0.26. Analysis of condensed combustion products (CCPs) re-
veals a stage-dependent mechanism of PVDF content on combustion performances: the low coating content (2%—4%) inhibits
molten aluminum agglomeration via pyrolysis products; the medium content (6%—-8%) accelerates particle fragmentation and ig-
nition but induces secondary agglomeration; the high content (10%—14%) generates excessive pyrolysis products that promote
secondary fragmentation of agglomerates in gas-phase region.

Key words: solid propellants;metal aluminum fuel;PVDF coating;combustion performances;agglomeration;promotion mechanism
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Al@PVDF composite powders with different coating contents (2%—14%) were synthesized via the solvent and non-solvent
method and incorporated into solid propellants. The influence of PVDF content on combustion performances was investigated,
including energy release, ignition delay, burning rate and condensed combustion products (CCPs). The staged action

mechanism of PVDF on Al combustion was elucidated.
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