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f. Al-5Li@9PA
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Fig.1 SEM images of Al-5Li and coated samples with differ-

ent contents of PA
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Fig.3 The Al 2p and Li 1s XPS spectra of Al-5Li and Al-5Li@7PA samples
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Al-5Li@7PA FE i B RA B AN 31814 J-g7', M L Al-5Li
JERHETE T 4.55% . 3 2 i T4 e R A9 R B A E
T ALSLE A 4, AT B B PAKE 58 4 B 4 7F AL-5Li
B4 AR, PA BB IR 52 5 B 4 B AR R A B #, T
SEHN A v Y R
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Table 1 Heat of combustion of Al-5Li, Al-5Li@7PA and PA
samples

samples heat of combustion / J-g”’

Al-5Li 30430

Al-5Li@7PA 31814

PA 36767

2.4 TG-DSC4H#fr

8 N 7% PAML AT G 1) TG-DSC ih£k .
HAI-5LI7E 400 °CZ 11 JE 2k 5, 1 BH i ) J5U kR 77
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b B B AR AL-S LA 4 R A ALY A = RN B fb
FrEt, Besh, T AL A &3 HA L, 7 & iR
T 1042 °C, G 4 N B Y FIURE 58 1 2 18 09 57 7 , R U
L A B3 PR AR, T80 5 AR AR A, 7 A R T R A
W, i PAGE S, i T B b PAN ARl —
SRERSE D T R EEA ST )R PRI i e R A
— S B HEE T AE 1031 °C ik 51 5 25 il pids | A L 4
T 11 °C. i, PAfE AI-5Li ik £ B 2 1k /9 7] B 18
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Fig.8 TG-DSC curves of Al-5Li and Al-5Li@7PA samples
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M4 GJB 5891.17-2006 #H 25 M i 56 b o Je & 2 v BT
/RLALSLES HTPBANAZS 5598 0 5. THEH 7% PA 43
T RRE SIS AL AE N 316.56 kJ-mol ™, 2 T TIR &

o HTPB

ol © HTPB+AISLi

-102¢ 4+ HTPB+AI-5LI@7PA
=i J=-33697.33x+4 ¥=-19002.80x+18.50
S 106} £780.16 kimol' E,=157.99 kl-mo
T 408l Ro0%020 R'=0.9994

1.0

y=-38075.74x+47.24
M2 316,56 kimol'
1144 R’=0.9916
1.50 1.52 1.54 1.56 1.58
1000/T,

B 9 HTPB. HTPB+AI-5Li il HTPB+AI-5Li@7PA £ i
1000/T,~In(B/T,?) it £k

Fig.9 The 1000/Tp—|n(,8/Tp2) curves of HTPB, HTPB+AI-5Li
and HTPB+AI-5Li@7PA samples
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FIIGARE, AR e Mg i, BARS RS 0ER S 71 9%,
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2% T HTPB . HTPB+AI-5Li HIHTPB+AI-5Li@
TPARAH RN S22 B 80, E 5 AR B H AL G 78 4k
M, HES AH'E T & 5E B Al-5Li@7PA 1T DL &

HTPB B # ki /& T o Al-5LI A 4 & %Ik HTPB i fb &
9 R EE L E A FR B O TR, BT i R R AR B R
TR M PAGE S A M E#— LT, 5 HTPB Y
H o BT, VLI AL-SLI@7PA KE S X HTPB 9 H
FEFZ A K,

F2 HTPB.HTPB+AI-5Li fil HTPB+AI-5Li@7PA [ #4322 80 K Afl 75 Mk
Table 2 Thermodynamic parameters and compatibility of HTPB, HTPB+AIl-5Li and HTPB+AI-5Li@7PA

E InA AG”

AH"

AS AT

samples /ko-mol" e /K- mol” /K- mol” /mol K Km"x AF/E, compatibility level
HTPB 280.16 51.09 130.72 274.69 218.88

HTPB+AI-5Li 157.99 28.35 133.02 152.55 29.86 10.3 43.61% 5
HTPB+AI-5Li@7PA 316.56 57.79 207.51 313.36 274.60 1.9 12.99% 1

Note: E, is activation energy. A is preexponential factor. AG” is Gibbs free energy of activation. AH" is enthalpy of activation. AS™ is entropy of activation. AT, is

maximum peak temperature difference. AE is the difference in activation energy.
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Fig.10 Cross sections of Al-5Li, Al-5Li@7PA and Q3 Al columns
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High speed photographic images of Q3 Al and Al-5Li@7PA columns
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Y245 IR J B R 05 1) o o 4 2 TR R AT L4, AL 12
LTRGBS B, B S M ARIE R MO, T2
J B S e R R AR A 4 TORE p T P A I A s R

BRAT 2 DN PN R A RO | MR RS /N UK, DT
G PN IS P A FE A S AR i, B TR B RR . K
PE— 2 OB B4 f AISLE A & K R 5 AP R K
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Fig.12 High speed photographic images of the

micro-explosion phenomenon of Al-5Li@7PA column

B 13 Al-5Li@7PA+AP A A O B 52 (9 15 2 42k 52 1]
Fig.13 High speed photographic images of the micro-explosion phenomenon of Al-5Li@7PA and AP powders
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Fig. 14 Infrared thermal imaging curves and images of max
temperature of Q3 Al and Al-5Li@7PA columns
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Fig.15 SEM images of Q3 Al and Al-5Li@7PA column burn-
ing residues
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Stabilization Coating of Aluminum-Lithium Alloy and its Application in Propellant

LI Jia-he', DU Fang’, TANG Chang-sheng', YANG Yu-lin', XIA De-bin', ZHANG Jian', WANG Ping', LIN Kai-feng'

(1. School of Chemistry and Chemical Engineering » Harbin Institute of Technology , Harbin 150001, China; 2. Hubei Institute of Aerospace Chemotechnology
Xiangyang 441003, China)

Abstract: As a ideal alloy fuel, Al-5Li alloy can significantly improve the combustion efficiency of propellant with the character-
istics of high heat release and micro-explosion during combustion compared with Al. However, Al-5Li alloy powders have high
reactivity which is easier to react with the components of propellant, preventing it from being used in propellants directly with
some structure related defects, such as pores and cracks. In order to improve the stability and compatibility of Al-5Li alloy, the
Al-5Li@7PA samples with high stability and compatibility were obtained through the coating treatment of 7% long-chain alkano-
ic acid (PA). The surface is dense and crack-free, and PA molecules adhere to the alloy surface through chemical bonding. The
coated samples can be stable in hot water for 30 min. It's worth noting that the heat of combustion of Al-5Li@7PA samples has
an increase of 4.55% compared with the raw Al-5Li. At the aspects of compatibility and chargeability, the compatibility level
with HTPB of Al-5Li@7PA samples has increased from level 5 to level 1, and there are no defects such as pores and cracks in the
grain column, indicating that the coated Al-5Li alloy meets the propellant charging requirements. Propellant combustion perfor-
mance test shows that the combustion rate and temperature of Al-5Li@7PA have increased by 10.28% and 45.41% compared
with Q3 Al propellant respectively, and the particle size of the combustion product residue is smaller.
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