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Fig.1 SEM pictures of the Al-FeF, powders after different milling time
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with the variation of FeF,

content/%
fuel type

C (@] F Al Fe
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Fig.3 EDS pictures of the Al-FeF, powders with the variation of FeF,
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£2 TG-DSCYILIEN AlS Al-FeF 25 KU M B i (/R
Table 2
spherical Al and Al-FeF, powder by TG-DSC analysis (oxy-

Ignition temperature and increased mass of the

gen gas environment)

ignition oxidation
metal fuel .
temperature/°C  gain rate/%
spherical aluminum powder(Q1) - 7.99
Al-FeF, composite fuel(5% FeF,) 1018.6 58.76
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IR T 58%, W o] HE Wi 7E it #2249 85% (W4 Ry & A T
AL . DL AR, 5% B FeF, A In A R 458 Y
A K TR Ry A [ AR 70 o A BT BGEE
3.6 WMB7SEBVNEHXERKEKE

FE I 2. 2.4 5 SCI0 07 43 B T O BRZH RN S 5
20 AR HEDE B 25 mhk 75 & sh LR e sc e . i A TR —
e E e T, W R 2 BRI B8Ry (Q1) , SE 56 4L i
Al-FeF, 2 & BKH5% FeF,) . mL2Y [E b5 |, # BE AR
AR AEIR A, R INSTRONS567 A1 H, 7- J7 GEARHR 56
MLAEAT I, 30 2k %o Al 28 1) &b A5 21 BRE 45 8 A
Al-FeF, Z A BRRHNZE 20 CC R IOTERES R , W 3. MFE
3 AL ) B RN S 58 41 e KB hios o, 228 RN K, 4 [
— IR s R KA 3 X 1 (1 2 e, DA 50.6% 3 i ]
72% , Wi B g, D\ 81.5% %] 95.3% , 4] fa A 4
E,(1%~3% fii K %) )\ 2.35 MPa F [ %] 1.54 MPa., 1
HH 38 o A 5T AR T2 WA 1 Al-FeF, &2 &5k AT LA
ol T A RN T — A BBy k2l T 20 dg Wl 2 [
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Table 3 Mechanical properties of propellant with spherical
Al and Al-FeF, powder at 20 °C

group o./MPa & /% eyl % E,/ MPa
control 0.52 50.6 81.5 2.35
experimental 0.55 72.0 95.3 1.54

Note: o, is tensile strength. £ is elongation. ¢, is elongation at break. E; is

the initial modulus.
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BEE TN RRZH (17 27) RS2 06 2H wiig 9% 75 A sh AL (3* A1
AN BE G R 4R S 06, X R 20 R 52 56 4 2 B[R] — Wd O 41

A, B 2 OB ER E 48 83 (Q1) T Al-FeF, & & A KL (5%
FeF,) i DX 5], FLws 2l 0 B L 3 O — 3. 28 kit
J& R YRR e - TR i th 4k M 2454 A R S5 S8, T AR
PERES B IRIE R WK 4, WNEATTLIE T, 5% B4
AH L, 52 56 20 SR 55 0] IR ZH IR 13 SE AR AH XY, U B Al-FeF,
S G JRE X R 35 TG 05 R i) 5 S 0 4 ) R 5 T i 1Y L
{8 Cry/ py {H) AR LU X FRZE A BEAR, 6] Al-FeF, 5 G0 kHE
A AR 8 5 8 50 A T 5 52 6 2 AR 3 B ( O+ B
1R, EIE T 52 56 41 AH Eb X BT RBHIR B T8 Ry 7843 5 SC 5
AR AR TR, Hrh R R 6.151 % (6 BRZH 9 & 733
) T RS 4.215% (SCH 4 P9 & 3908 ), F FERH &, i
WA SRR 0T 7043, BEAIG T AR W B TR

& 9 Sy o BEZH (1R 27 & S AL ) S 56 2 (37 47 &
L) K ANHLIRGE G I 00, i B 9 T LA M, el 1) R
LA FH B BRIE A58, BR R 100 ASCJR T s T 47 il IR A1
FLAE MR be 3 B v A7 7 2 HRD 18 b 45 0 Ak R e 1Y ik
TR ER AT E0 K B TR 8 R Be S A B R B K Bl oE
RS . X BRI A & BBl e ik (198 27) K s fLse K
TR KRR, R s HL7e R 8 BB ORG N 1 48 22 19 48 83 3%
T, 21T R AR 58 A MR R R R Ml 4 B 1 BR
1T 52 56 20 08 I A & S LSS AR (37 47 & Bh Bl ) 76 4 ok 5%
Y )5, & ShHLFE A N SR 5 ¥, AR R R B I 1 5k 7 R A
A TCHE KA 58 A SR BE R Je Tl 45 B %) B s R B T
BIHL 1A IE B, ERUIE T 3R 4 5% i % R B A 808 e R T
Al-FeF, 52 & BABME AR BR B3 8 KR, 42 2 B k) A e &L
R REARER R R be ik i T AR H
3.7 BRRNIELSH

ik DLW R S 0 25 R Al-FeF, 2 A R RHFE
40~1400 CN R B B4F g RA be S| AL RSUR | Im#k 75 &
BHLI ZE B0 S BR s 43 Br AT i AL-FeF, B 6 BRORHAE HE
it B REAR AR B o8 i 45 i BB A e 2% BRI 4R
KRR Be iR T T IAVE o A0 T LD I AE T LA LR

Table4 Combustion performance and residue rate of propellant with spherical Al and Al-FeF, powders

residue rate  average residue

rou fuel /MPa r/mm-st C/m-s
sroup P b /% rate/%
1* 6.250 8.651 1802.822 5.781
control spherical aluminum powder (Q1) 6.151
2# 5.972 8.204 1809.303 6.521
3# 7.556 9.227 2038.917 3.445
experimental  Al-FeF, composite fuel (5% FeF,) 4.215
4% 7.117 9.122 1973.165 4.982
Note: p, is combustion chamber pressure. r, is burning rate. C is characteristic velocity.
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Fig.9 Photos of the internal engine shell of the control group
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(1*and 2%) and the experimental group (3% and 4%) after the test

55—, Jl 0L = BE R 5 R FeF AR S BN i A
ALK, AT LU S AR ) FeF, A BRI ALK #4) A 1) IF.
A A RO, KR 46 58 1 WA 20 43 ] 1) 1% T
PRES AT DL IR B B B2 e R B el R e A S o R

9 AR REEREE AR R L R 2400 FeF, 7E W
G54 LK RS o0 A T AR 3R 2 R 148 M R
A Z R S YE AR TR g Ak s e T
15 U BB R 5 FeF, A AR IR i R, £ 48 R0k 14 4
o1 N ERB 3 . (6] B, e B BRI Y A AT LR — 343
BIUAR B8 7 3K P 114 3k 2 v fidh 5 A o A% SR B v, L R SR

9 = Al-FeF, & GMARHEM R B S R A T A
e e .

Al + FeF, = AIF, + Fe, AH = —1960 kJ-mol' (a)
1R 58 B 58 ORI TE SR PR B 25 e A an 1 AR Akl
Al + Fe,O, = Al,O, + Fe, AH = =851 kJ-mol”"  (b)

58 T HCERB N Fe,O M L2, ffi F FeF f0%F
Fe,O, Hilt Hh i 1t 2 1 130% . 1M1 A= B 14 ALF, H 3 a5
{1272 °C AR T K & & S LI A BE % i B 3000 °C
LA, BRI A Y ALF B DA T 200 & s pLme 4
SRR G o [RIIAE KT R SR BE 2 N Bk
BRBEHE B ALO, 1 28135 2970 °C, AIF, 5 ALO,JE
AL, SR ALO, B 21, A R T RE AR B R e sk i
P ALR B THEAT W] BB 52 BB i s 228 5/ RS Y
WKL, A R T R AR e sk i RS FeF, YR In UK 237
AR R PR A B AT , 1555 R R s 200 2 ) 2 T R0 1 A 43
R 1) AT P AR B8 0 FeF 47 2R R PR AR 9 £ THT 52 1
K Al-FeF, 52 G #RRHA A BE 4R w41 1 70 1 BB 1k R 5 .
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Preparation and Application Performance of Al-FeF, Composite Fuel

ZHU Zhao-yang'*”’, ZHANG Si’, XIA De-bin', TANG Quan’, QlU Xian-ping*’, YANG Yu-lin', FAN Rui-ging'
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Institute of Technology, Harbin 150001, China; 2. Science and Technology on Aerospace Chemical Power Laboratory, Xiangyang 441003, China; 3. Hubei
Institute of Aerospace Chemotechnology, Xiangyang 441003, China)

Abstract: In order to improve the combustion performance of aluminum powder in the solid propellants, the aluminum matrix
composite was prepared by high energy ball milling with aluminum powder as matrix and FeF, as additive. The effects of powder
ratio and milling parameters on the micromorphology, structure and thermal properties of aluminum matrix composites were
studied. The micron grade aluminum matrix composites were prepared by optimized process. TG-DSC analysis showed that
Al-FeF, composite can realize fast oxidation at lower temperature (600-1400 °C) in the oxidation process. The end-fired 75 en-
gine test demonstrated that no large molten aluminum powder residue was observed in the engine shell after replacing spherical
Al with Al-FeF, composite. The residue rate was decreased from 6.151% to 4.215%, indicating enhanced combustion efficiency
for the Al-FeF, composite. Therefore, Al-FeF, composite has potential application value in reducing combustion residue rate of
solid propellant and two-phase flow loss of engine.
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