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ultrasonic dispersion
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microwave treatment
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ey
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DMF solution

&1
Fig.1
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P dry after ﬁllration».
A\

heat treatment
for 1 minute

BEA#ATE 20 mL DMF 5 b BE 5 m Horboim A 2 g 94k
FRMIE A 43020 min BT 70 CIMIOF- &5 R 224 $F
2 he TREEFEHSIE R E N E 50 mLEK S
fErh HERTUEY e it o el g ek TR A1
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52 A BRBHR VR BE 1% 52 e, 76 955 1 AL BT £ AH [R] 1415 2
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D-20%.
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TN

Al@PVDF-OH

heat treatment

for 1 hour

Schematic diagram of the preparation process of Al@PVDF-OH

Al@PVDF, UL K& WL IR & ¥ Al/PVDE-OH, &8 Jin i #¢
i PVDF-OH 5 PVDF & 838 15%.
1.3 e RENK
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SRS BN 2 iw o B R DR AR R S I A
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PIZS s N KO & b i I 22 8 7E A 0 MR 42
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12 Vo AL S AME BRI A S KO- R 5501 5
2 Tl Fh P A 3 e R RN B 3 8 S 1000 fps.
K FLLAMBAZBLAC 5T B A AR SR e o A v KM
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DC adjustable
power supply

high speed
camera

infrared camera

chromium nicke! alloy wire
quartz sheet

control system
2 R RN G S 0 2 R R

Fig.2 Schematic diagram of combustion performance testing

experimental device
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R S BRI ) AR A e R LR TR
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I S B RE R P HEAT 1S s SR A AR B G B T
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2 HR5WR

2.1 PVDF-OH %&#IR1E
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a. PVDF-OH-x with 240 W microwave

power at different time

60W 120W 180W 240W 480W

b. PVDF-OH-x with different microwave
power for 1 min
30 AN TR B AL BRI )R G BE T R AL R 18 B R
PVDF-OH-xFf i
Fig.3 PVDF-OH-x samples obtained after different heating

times and microwave power treatments

R 2 22 Ak B R R IS Y PVDF-OH-x 2> Tl 25 T %
I FALEIETE W T C=CZ45# . B4 F N C—=C45
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T RO R IR T B R R B IR R
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WM RAEE R R S E A RE . A E R
PVDF-OH-x 1 it 76 B PE v 50 vh i s i B2 5 2 i 5 i
2N R L 240 W HIE DI T 1T min
il 2 PVDF-OH # it HF 8 5 220157

Ryt — 20X L WF G AN [A) Pk Ak B 7 5 PVDF Y
¥ Ak ok ME SR, XF PVDF-OH, PVDF-OH (H) &
PVDF #E4T T FT-IR Al XPS it , 25 S an el 4 iR o
Kl 4am] LA, PVDF 43 F I L0435 1183.0 cm™
F11395.9 cm™ &b 435128 PVDF 43+ CF, B {1 45 9% 31
W W U 5 CH, Y 728 JF 3k 2l I g 5 1585.0 em ™ Ak oy
C—CHt M43 R 3h i . PVDF-OH(H) B —OH i1 45
PR WERL T 3423.6 cm ™ 4L, 1T PVDF-OH 4 /% J& FE 1
N Lk
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——— PVDF-OH(H)
. ~ ——— PVDF-OH
O
= (34236 3256.3
s g 16850
£ 1395.9
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) . . ‘ . CF,
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a. infrared spectra
" M
S |PVDF-OH(H)
©
=
2
£ |PVDF-OH CH,-CF,/C-OH
CF, OO ~\2863 ChsCF
291.0 : 284.8

294 292 290 288 286 284 282
binding energy / eV

b. XPS

B4 N[E] A By 005 B Y EL R AR ZLA 5 XPS &
Fig.4 Infrared and XPS images of coating layer obtained by

different modification methods

W0 437 F 3256.3 em™ AT T il S 0 4 M B
T B RS X T B & i T PVDF-OH 1 43 [a] &0
Vi B g, 5 S0H: IR A g e 7 3 — 25 1) {1 I8 K00 1)
¥ BRZAh, nl LB R & 1 PVDF-OH 43 1 1% CF, .
CH, 5 A W Yie e 5 32 7 BH 82 F [% ; PVDF-OH £ 5 i
—OH W i g FN C— C 5 W Wi 06 5 5 359 5 JIT 86 o, 3k
& W 10k il By Ak 3 5 XA 21 B PVDF-OH B R 5 &
O BRAL B M RO B AR . PYDF-OH A 9 72
FRUEAL LT W AR R L 3X FT fEJ2 B PVDF-OH 43
F ) A7 AE S B AE T 3 S0 AT 0 0 57 3 — AP 1) A1 I8 K
D7 1 i # o

Kl 4b 7R T AN ) J7 3K Bl Pk Ak #1519 PVDF 8 R
1) CICE M XPSIEEIXT . 78 Cou &k B v, T KL g2
] 284.8 eV 4k CH—CF 1y ,286.3 eV 4b ) CH,—CF,
B C—OH % ,291.0 eV &b i CF, 1 LA 2 287.7 eV 4b
C(O)—CH, &' PVDF-OH ' CH,—CF, W3R iF A
FiF R B, 1 C(O)—CH, 2 CH=CF I 55 Ji 32 ¥ 34 i .
A XPSH IR F w4 R el 1%, 5 PVDF-OH(H)
FE A L, PVDF-OH £ 5 A o R % &t il 3.94% 1
T+ % 5.88%, F23 & N T 249 30% , 5 3L b oM AL
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AR . X2 A Bl 0k A By A 3y 5RO P PR
5] b oy Jng MR R BTG AR RE £ iF PVDF 4> 14
FI 3 A 7= A O i A O R T
2.2 AI@PVDF-OH 4> F 459 5 A ke 4 B RAE
2.2.1 Al@PVDF-OH W 7 %3 B9 R AE

FIFH 4148 B 1 B 8 X AlI@PVDF-OH & & 1k
5 IR K B8 B B IO TR SR AT T A B, 25 SR A E] 5
FioR o BB Sam] LLE 9K 405 8 O 2 1 6 I8 i BRAR
WKL 5 1 AlI@PVDF-OH 5 kL 2 11 W) AH X5 5 fin R
(K 5b). 1K 5¢H % Al@PVDF-OH B i ki i) EDS
AEIS 25 AT, C F I & 5 Al TG 2 1Y 43 A7 1 Bl S A &
4, UL PVDF-OH B 76 Al R 1 . (HA3HE M,
Al@PVDF-OH & & ¥kl v PVDF-OH & &3 Ik, Fm
- PVDF-OH % T4 st AL FR 5 F O 2 & S0 FEAIG,
K L EDS R 1% F JT 28 W2 UACAH X 45055 o
2.2.2 Al@PVDF-OH {8 ects

Ry it — RGN AL A 2 MR B A AR S R
B ARF I, Sl ER R K O 5 52 B KR DSC BHME an il 6 Jir
N 5 iR M A A, Al@PVDF & & Bk R £
489.5 CHi B T W W iy ik 0, R W PVDF 5 Al & 4

a. nm Al b. Al@PVDF-OH

C

c¢. EDS surface scan results of Al@PVDF-OH

E5 Al AI@PVDF-OH ) SEM EI %5 EDS #1345 R
Fig.5 Al Al@PVDF-OH SEM images and EDS scan results

N XK XXXX HF & XX A& FHXX# (1-10)



RIFR R A0 46, 38 2
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——— AI@PVDF-OH

heat flow / mW-mg"
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temperature / °C

B 6 Al.Al@PVDF il Al@PVDF-OH iy DSC H#h £k
Fig.6 DSC curves of Al .AlI@PVDF and AI@PVDF-OH

TS . AI@PVDF-OH Mt F Al@PVDF iy Jift #4
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PVDF-OH 5 5 Y 3% i 52 30 56 38 I Je T B 0 8 4 .
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Preparation and Combustion Performance of Microwave Assisted AI@QPVDF-OH Composite Fuel

ZHU Kai-tian', ZHU Quan', HE Wei’, GUO Yan-Ii’
(1. School of Chemical Engineering , Sichuan University, Chengdu 610065, China; 2. School of Aeronautics and Astronautics, Sichuan University , Chengdu
610065, China; 3. School of Mechanical Engineering ; Chengdu University , Chengdu 610106, China)

Abstract: Fluoropolymers such as polyvinylidene fluoride (PVDF) can effectively inhibit the agglomeration of aluminum powder
and enhance its reactivity. However, the affinity between fluorinated polymers and the surface of Al particles covered by alumi-
na is poor, and the inhibitory effect of fluorinated polymers directly coating the Al surface on Al aggregation is not ideal. In this
study, a microwave-enhanced reaction method was used to obtain hydroxylated modified PVDF-OH. PVDF-OH was coated on
the surface of aluminum powder by solvent/non-solvent method for preparation AI@PVDF-OH. Subsequently, the prepared
Al@PVDF-OH Composite fuel is used to prepare composite solid propellants. The molecular structure and elemental composition
of PVDF-OH were studied using infrared spectroscopy and X-ray diffraction. Using equipment such as scanning electron micro-
scope, differential scanning calorimeter, high-speed camera, and oxygen bomb calorimeter study the microstructure composi-
tion and combustion performance of AI@PVDF-OH composite fuels. The results showed that the PVDF-OH prepared by
microwave-assisted preparation had a higher hydroxyl content, and the optimal treatment condition was 1 minute at a micro-
wave power of 240 W. The combustion performance of Al@PVDF-OH composite fuel was superior to that of AI@PVDF compos-
ite fuel coated with unmodified PVDF and AI@PVDF-OH (H) composite fuel coated with heat-modified PVDF-OH(H). The opti-
mal PVDF-OH content was found to be 15%. Compared to pure aluminum, the combustion heat value of Al@PVDF-OH com-
posite fuel with 15% PVDF-OH increased from 19140 kJ-kg™ to 24912 kJ-kg™'. Combustion tests with ammonium perchlorate
(AP) showed that the ignition delay time of AI@PVDF-OH composite fuel shortened from 77 ms to 70 ms, and the burning rate
increased from 195.7 mm-s™ to 225.7 mm+s™' compared to pure aluminum. Compared to aluminum-based solid propellants, sol-
id propellants based on AI@PVDF-OH composite fuel exhibited an increase in combustion heat value from 13281 kJ-kg™' to
14020 kJ-kg™', an increase in burning rate from 1.281 mm-s™ to 1.915 mm-s™', and a reduction in the particle size D90 of con-
densed phase combustion products from 74.324 um to 52.749 pwm.
Key words: polyvinylidene fluoride (PVDF) ;aluminum powder; microwave assisted;solid propellant;combustion performance
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Combustion of AI@PVDF-OH

This article enhanced the alkaline treatment effect of PVDF by using microwave-assisted heating , obtaining PVDF-OH
molecules with a higher degree of hydroxylation, greatly enhancing the binding ability with the surface of aluminum powder.
Based on this, AI@PVDF-OH was prepared, effectively addressing the problem of low combustion efficiency in aluminum

powder and the tendency for condensed phase products to agglomerate.
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