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1] Ty BE 1k Al@PDA ik, 2# JC ¢ ik U6 B, J 1 Jor A Al
WKL ¥ Al@PDA; £ B T /K L B, [ 25 4 H {23k
FABRAFE

A% #% . 75 4RI (Ramixers G500) , ¥ 5 % TR 47
(BRI A BR2S W) 5 55 T AL (YC-015) , | ¥ HE A2 Y
A A IR F] B B OB (SEM) : ZEISS sig-
ma500; FH - 22 78 F9 4 5 L (TG-DSC) : NETZSCH |
STA-692F5, 18 [ it 9t A7 PR 2 ®) 5 & 5 i #4040 .
ZDHW-HN7000C, B 17 A2 fE H 1 B A BR A | 5 X
SR R AT HHYL : Panalysis, Xpert Pro MPD ; #0t b7 J&
1% : Malvern Mastersizer 2000,
1.2 #Hl&TRE

AT AIH @Al & & J0kE 1) il 2% K AIH, FIERTE
AR e 0t bE 11 AT RR O T A LRI A R
VAR e e e R LS TR A R R M. 4T
TFi £, B E AR SN 15%, R SR ky 59.2 Hz,
FESLIFE] 2 5 min, 5 5 A5 0 AVSURL 23 5O (2 3F
BA PR AERER P I 5 0. 1R & AT IR G
AT I S 2 TR T R UL R T, LA KGRSO [a] £
BRI TR S B A, RN AT I s Sk & B R
I ZWCEIR G AR A EAR Y, R ENR G A
AlH, @Al & & Tk .

AL T AIH,@AI@XAP & & kL Y il %« R
FH IS 25 5 3 R il %4 AL A AIH,@AI@XAP 5 g
E4APR . AIH,@AI@10%AP(AIH,@Al: AP=9: 1 (i
), AHAPs-10%) 7 & DL T 20 Bl & . 1 5 0%
100 mg AP T 2.5 mL £ & T /K FE 10 min, K5
JImA 900 mg AIH,@Al#E 75 53-8 10 min, 15 2 1 3K 7
I G B A L6 mL-min™ A4 B R IR TR 26 A %k
AL HE R S AR REAE 110 )CRT65 °Co A%
AURL DA JE JR 23 B85 2 18 T M A0 v 43 5 o, DA B B IR
AR . HR T AR & BB L R 723 R 101
(443 BURL, 23 iy 45 A AHAPs-30% #l AHAPS-50%.
1.3 Wik FE

K F SEM X I} i 52 5 UKL #E 47 T8 550 A 100 &5
Mg AE, TAEREES 8.5 mm, i B )& 4 15 kv, [\ 1 3%
JH EDS 43 1 5 & BURL Hh o0 2 A 2 K 43 Aii o 38 i XRD
O o3 BT B SR AR R RS 7 W ) D R AR o R AR B e AL
I 525 UK s by #4, Ll U 02 3.0 MPaL i
H H R 22 (A2 0.12 mm) Sk . R TG-DSC
BURE S R B PERE , TR 254 Arifi i 40 mL-min™',
IR S5 Fl oM 50~500 °C, FHIR#E # 10 K-min™', I4h,
FIIHT VST 28 45 H i 72 5 3 (100 °C) T 8y 55 i 4 i ith
N Lk
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2 0 AHAPs & 4 ki () SEM F1 EDS &l . 5
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BTt Y AP T4 28 (1 75 9 1 A 1Y 1M1 B B 4 B B o
S-S FOG I BURL 2Z 1] f 266 B PR T i 2 kT i K %
AP E & 10% I, AP LB JZ AN 4] RIS A BRER 1Y
e B AN FLIA (18 2a) , 24 AP 2 &k 30% I, AP L5 2
T ECE A N S AP UKL AT H (] 2b) 5 BE &

c. AlH,@Al

B 1 AlH, AIFIAIH, @Al FUKLEE 5 A9 SEM [&]
Fig.1 SEM images of AlH,, Al, and AIH,@Al composites
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Element overlay

a. AHAPs-10%

b. AHAPs-30%

Element overlay

c. AHAPs-50%

B 2 AHAPs-10%.AHAPs-30% Fl AHAPs-50% & & ki (1
SEM F1 EDS

Fig.2 SEM and EDS images of AHAPs-10%, AHAPs-30%
and AHAPs-50% composites

AP s G 3 50% , Bt & 76 4F i 2R T 19 BKIE AP FR:
i 2z 380 (& 2c) . EDS g% & W oR Bl 5 AP & Y
B, XA N L CLITE & 2 g Wi i, B ALN . CI
FIC RS A A ORI R 3 — 5 R T i AL
I AHAPs & & 0k Al i ik b 3R 5 vk o 3k 4% .
2.2 PERETIEMRGEMNE

SR FH )25 3800 M7 A0 J5RE e AHAPSs 52 6 0K 1)
WO Rt B AT T 00T BT TG-DTG 55 DSC 4%
WE 3R, IS5 Rk 2, I 3amT L
B RN AIH, B R G 43 R TR B (T) i 161.5 °C L F7 16
1A KR E IR, ML N 7.94% , 52 T AIH, 20 B
ST EC MR E BT IS & S (10%) , X A] fE
T AIH, /76 218 5 il B &0, R BUR F R
AHAPs & & R0 (1) $46 B a FE B AR 2 4B B
AlH, 73 i B S F AP 40 o FR 2 1 AT, 5 50K ATH,
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Fig. 3 TG-DTG and DSC curves obtained for AIH,, AP, and AHAPs composites
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b. DSC curves

R AlH, AP K AHAPs 55 UKL TG-DTG #4437 AiE 2 4L

Table 1 The thermal decomposition parameters of AIH,, AP, and AHAPs composites obtained from TG-DTG curves

samples T./C ML/ % T,/°C Lypax / %oemin™ T /°C L./ %-min”'
a-AlH, 161.5 7.94 183.2 5.91 = -

AP 277.5 96.17 310.2 8.47 421.8 22.39
AHAPs-10% 170.0 11.68 184.9 4.74 317.6 1.03
AHAPs-30% 171.5 13.59 182.5 4.51 332.0 2.04
AHAPs-50% 172.5 29.37 182.8 3.36 343.3 7.61

Note:

the maximum mass loss rate.

F2  AIH, AP K AHAPs & & 0k (19 DSC #43 fif FEIE 2 5L
Table 2 The thermal decomposition parameters of AIH,, AP, and AHAPs composites obtained from DSC curves

T. is the initial temperature of thermal decomposition. ML is the mass loss of thermal decomposition. T, is the peak temperature of maximum mass loss. L is

max

endothermic peaks

exothermic peaks

samples

T.,/C AH /)-8 T,,/°C AH,/)-g" T,,/°C AH,/)-g" T.,/°C AH,/)-g™
a-AlH, 186.5 256.8 - - -
AP - - 248.3 42.3 314.7 187.6 427.7 374.1
AHAPs-10% 186.7 199.3 - - 299.8 45.1 - -
AHAPs-30% 183.7 197.2 240.5 6.3 315.8 21.8 338.9 138.3
AHAPs-50% 183.9 167.5 242.1 7.6 283.4 88.7 346.1 427.4

Note: T

p1
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, are the peak temperatures of endothermic peaks. T , , are the peak temperatures of exothermic peaks. AH is the heat release.
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TR 4 J& 170.0,171.5 °CHI172.5 °C, fifi & 3 i AP
L O R g i, R m AR e, 5
— 7, 5 EORE AP [ A 53 i i B A L, AHAPS & 4
R B AP B AL 53, PR R A AR 43 % (LTD) Fil &
W (HTD) P R E R A T — o,
IF H. 3 Fp & A UK AP B fie K 2 T R AL IR B 43 )
41 317.6,332.0 °CHI343.3 °C, 55k AP 4 75 15 45 i
U I P (421.8 °C)AH LG, IR B e R B AR T 104.2 °C
X 2 B AR i A 2 AIH, T B9 48 B2 b, 37 4% AP
%0 I N R A R T R AR T T B 0 R
AIH RN B9 R M, 3G T 42 ol 1 AR 1 AP
O N S

M & 3b M 2 0] LLE H, AIH, R AHAPs & & i
REIEITE 185.0 °CRM T A7 72 W R, X5 T AIH, 1Y 53 i
FeE W Pt B . AP AR 248.3 CCHF T HY B8 1 4> I 4
U, 3 J2 AP i (4% DA IE 38 TR 2 A5 O 37 R 1) I A Bk
FEAT S E . AN, AP JIURLTE 314.7 °CHI427.7 °C4y
WG T 24 B B o g . 5 AP AL, AHAPs &
G WORL T AP 1Y 5 i AR SZ B T AHAPs-50% &
UKL AP (R AR IR 43 i 0 IR 43 SRR IR T 81.6 °C
Fl31.3 °C, Bt #0 B & 3% 8%, ik 2 5161 )-g7'
AHAPs-30% & 45 BURL Y 2 440 it il AN 1 ) T X 43,
MR BT — AN 3% 229677 W R I . 3X nT BB S i T 7
G UL 5 ff B BBE AP 43 fift 7 A 1 7 ) S W TR I o SR e
(1T I AL PN 1 I I 5 /A N | S 2
1M, AIH, BB H, 25 4l Py 8 25 3R 1, i AP 19 43
fi " Rk, L EgSieE— R T iR AR ERE
A WURLAE 2 R AIH, B2 MR SE Ak L R B AE E T AP
oy
23 BHEEREWDH

AlH, 75 i 7732 i 5 5 Ho At & BE AP RHE & 1Y 2
Hh ORE [R] 04 B8 488 5 ) AR AR TR B, T SO
SR R EE R ARAEDY . B AT A A ORI
L2 U5 R SR AR IE R W AF BT AR . Rt SR B
23 Fa s PR O JEURE AIH, L ATH, @Al FT AHAPs & &
WURLHEAT VST ML, 75 31 43 i <01 s g Bl I T) 19 22 £k
B | 8 A 0] I b TR T B AT I — Ak A B 4 A
F(a) SHH (ORI X R, WK 4a iR

SRy TG M R A2 A R ) A R AR o Y /N
BB 4a o R M 26 50 1 3 8R4 15 5 T (=0~0.2)
I I (0=0.2~0.8) F & iR I («=0.8~1.0) . R
B L Ab HBE A B B 252 00 B ) i ATHL B 3008
512 min, filE ) F0 18 3 53504 352 min A1 142 min,
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b. time distribution of each stage
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Fig.4 Conversion rate (a) vs time (t) and time distribution
of each stage for the AIH,, AIH,@Al and AHAPs composites

e AL BT 43 i 5 5 00 R A 0 (HRT S U 2 A
St T S0 R AR A R R R 40 A P TR) A e R
Horp  AHAPs-50% H il fi T 3% T 3 2 B 50U% AP
s S W (537 min) i (529 min) iR
(452 min) 4> 5138 Jin 7 25,177 min #l 310 min.
AIH, B B4 E AL A 1006 min, 1 AIH, @A () 53 f#
BFHE] M 1176 min, #2585 T 170 min, %} T AHAPs & &
WOk R U, 4y R B R F — AR B T R, o
AHAPs-50% [ 43 i B [8] 35 %1 1518 min, $& & 17K i
50.9%. FH AT UL, i AL 3 FE 35 5 AIH, I B2 PR T
1 H A B .
24 gEMRUS

5 AIH, @Al & & 0k o AIH, R ALY 5 & EE, F
5% AP B ER I 2 %) AIH, @A/ XAP 5 4 TURL RE 1% fiE
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Fig.5 Gaussian fitting curve processed for the heats of reac-

tion measured for AH,@AIl/xAP composites
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2.5 BEEMRIE=Y (CCPs) 57

i A BN Tl SR ATHL/AL/63.5% AP Fil
AlH,@Al/63.5% AP fBABE ™ ¥, JF X HOE 3 R0 A% 43
A7 RN 7= W) 4 AT T RAE . R ABRBE T W (1 SEM
RLAR 53 A5 K XRD 45 5 53 51 an 1€ 6 A&l 7 J s o

1 € 6a 1] DL Y, AIH,/AI/63.5%AP ) CCPs
YIRiAE Dy 12.88 pm, 3 H7E 6.36 wm F129.28 pm
Aib B S Ai o 454 Il 6b H SEM AT LLE H L PR N
R BRIE R P ZR 1 ) P SR AR, R 22 R oA o8 4 R
1y AlLEUR: 38 B AIHL/AL/63.5%AP B A B 35 A 78 4) .
1M ik A 4 8 AL A Ok, CCPs Hh 35 /N ki 42
Y BRIE UKL , R H R AT R YT . AIH,@AI/63.5%AP 1)
BRBE = W R A2 20 A (D, Dsy Do) ¥ KR FEAR , 43 91 %
ik 7 56.8%,81.2%,83.1%. BB, =P+
B4R /N T 10 wm B9 FURL (5 N 39.7% 27+ 5] T
90.9% , Bife KT 39.6 wm A= 9 W) 5 4= 71 2k (K 6¢) .
Bl 7 25 T 2 FioRE i 1 358 3R AH R BE 7= ) XRD B, 7T
PLE 7= 9 ¥ A2 A8 ALLALO, L AIN AT AICH [ $5 fiF
W om22) Ho AIHL/AL/63.5%AP HY AL 7 10 06 38 3 45
B IF BATSRAFEAE AIH,(27.5°) B R AF 1620, 3% B 3 1od

¢. CCPs of AIH,@AI/63.5%AP

Fig. 6 The particle size distribution and SEM images of condensed combustion products
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Fig.7 XRD patterns of condensed combustion products
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Preparation and Reactivity Properties of Embedded-Coated AIH, Energetic Composite Particles

YU Ming-hui', ZHANG Hao-rui', XIE Wu-xi’, LI Ya-jin*, NIE Hong-qi', YAN Qi-long'
(1. Science and Technology on Combustion ;s Internal Flow and Thermo-structure Laboratory, Northwestern Polytechnical University, Xi'an 710072, Chinas
2. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To improve the stability of aluminum hydride (AIH,), three kinds of embedded-coated AIH,@Al@xAP(AHAPs) ener-
getic composite particles were prepared by the combination of using acoustic resonance and spray drying technology. The mass
ratios of AIH,@Al and AP were 9:1(AHAPs-10%), 7:3(AHAPs-30%) , and 1:1(AHAPs-50%) , respectively. The morphologies
and structures of the AHAPs and their condensed combustion products were characterized by SEM, EDS, and XRD. The thermal
reactivity and stability of the prepared samples were comparatively studied by TG-DSC analysis and vacuum stability tester
(VST). Results show that AHAPs energetic composite particles could not only improve the stability of AIH, but also promote the
decomposition of AP. With the increase of AP content, the initial decomposition temperatures of AIH, are increased by 8.5—
11 °C, and the peak temperature at high-temperature decomposition stage of AP is decreased by about 80 °C. Compared with the
total decomposition time of pure AIH, (1006 min) , the decomposition time of AHAPs-50% composite particles extend to
1518 min, which corresponds to a 50.9% increment. In addition, the reaction heat of embedded-coated composite particles
AlH,@Al/63.5% AP reaches 9125.6 J-g”, which is 1054.1 J-g™" higher than that of mechanically mixed samples, and the parti-
cle sizes of the condensed combustion products appear to be finer, indicating that their combustion become more complete and
the combustion efficiency is greatly enhanced.
Key words: aluminum hydride(AIH,) ;acoustic resonance technology;spray drying technology;thermal reactivity properties;vac-
uum stability properties;condensed combustion product
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