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Table 1 Corresponding sample IDs named for 6 samples treated with different modifiers
modifiers hydrochloric acid sulfuric acid hydrobromic acid cyclohexane n-butylamine ethanol
sample ID A-1 A-2 A-3 O-1 0-2 O-3

1.3 MFERE MK A%

a-AlH, [ IV A7 R Mk 38 il Taliani 13870k %
TIE < ) FH 253 BT 450K AR i T OAOBUE 2, B o AU DA
FA P GUTE A 2R g b L H iR 60 °CTF MR AE 7 d Y
TG-DSC il 2 22 Ak (P Ay [ A 4 2 5] — fiie 5 B 4E 50 °C
TR 7 d7") 5 a-ATH, 8 50 i 5 M8 23 ffk R 1Y
FNR SN WA T B WA AR E P o B T 2 T G R B Y
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Fig.1 Flow chart of storage stability test
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S A LA /N HG P R M S TR S Y a-ATH B S
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F2  UMEALBETTIS o-AlH RO R E S R
Table 2 Thermal decomposition characteristic parameters of

a-AlH, before and after modification

“AP e T/ T Ty S
samples ' ¢ P / %-min”'
original 9.86 174.9 188.5 182.0 6.87
A-1 9.75 175.4 187.8 181.3 7.75
A-2 9.76 175.8 188.3 182.6 7.57
A-3 9.74 175.9 188.3 181.7 7.79
O-1 9.30 172.3 187.3 181.6 5.86
O-2 9.28 172.2 187.2 180.9 5.72
O-3 9.18 174.2 189.5 183.0 5.66

Note: 1) Qis the hydrogen release amount. 2) T,is the initial temperature of
hydrogen release. 3) T, is the end temperature of hydrogen release. 4)
T, is the peak temperature of hydrogen release. 5) v, is the maxi-

mum hydrogen release rate.
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O3 R I 2 B R e AN A I T 9k AR O 23 5 )
a-AlH, BB S0 B H PR R U R S P R, 7R [ IR 4
RN o-ATH, 1 3853 i 28 T2 R 08 78 T IR A R &2,
AN e HE 2 590 14 AH O M e o
2.2 RIEEEo-AH,ERBBETEM

i 3 B P S G A0 BT Ak B AT S a-ATH, B S IE
FERRE M S5 L3R 3. oM A 3T Y SRR AE I AE
] 73 fiff it de K, M 0.87% , 5 SCHk [ 17 145 M3 . i
i MV R A DLV T M b B S AR R R R R
R, 2R Ml X 6 RS 2 3R 40 BR 4% 2 151 o-AIHL I T2 77
FE e, Hob, SRR B WAL B o-ATH, FE & I FRE
PERCR T, A7 30 18] 43 i 24X 0.02% . A HLIE T
TCIK LTS 5 - ATH, FE i B0 AE R P RO B df L 4%
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R 2 7
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Table 3  Storage stability of a-AlIH, before and after modifica-

tion

a-AlH, samples w, /% w, | % &8/ %
original 9.86 8.99 0.87
A-1 9.75 9.37 0.38
A-2 9.76 9.65 0.11
A-3 9.74 9.72 0.02
O-1 9.30 9.13 0.17
O-2 9.28 9.03 0.25
O-3 9.18 9.05 0.13

Note: 1) w, is the amount of hydrogen release before storage. 2) w,is the
amount of hydrogen release after storage. 3) & is the amount of hydro-

gen released during storage.

2.3 AIEETE o-AIH, &L R E
ST WIS R VRORT AT ML YA 38 Y AR SR N
B 850 F Ak BT S A o-ATHL FE S (10%) 5 48
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Table 4 Sensitivities of solid propellant containing a-AlH, af-

ter modification

Propellant samples I, /) P/ %
I (with original AlH,) 8.4 92%
II (with A-1) 9.2 48%
I (with O-1) 10.0 80%

Note: 1) I, is the impact sensitivity .2) P is the friction sensitivity. 3) Sam-

50
ples I —1I represent propellant slurry made from untreated, sulfuric

acid-treated, and cyclohexane-treated AlH, samples.
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b. sulfuric acid treated sample
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Fig.2 DSC curves of a-AlH, samples before and after sulfuric

acid treatment
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Fig.3 SEM images taken for the original samples of a-AlH,
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B4 BB RALHTE «-AIH, B 5B SEM
Fig.4 SEM images taken for the a-AlH, sample treated by

sulfuric acid solution
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Fig.5 EDS diagram of the a-AlH, sample treated by sulfuric

acid solution
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Fig.6 XRD patterns of the a-AlH, samples before and after

intensity / a.u.

acid solution treatment
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b. sulfuric acid treatment
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Fig.7 SEM images of the a-AlH, samples after a 7-day storage
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WAL B B a-AIH, BE SR AR B R B R o T Ismail

SR DAL B 3 AR B 3 2 AR TR AR AR
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RS M T EREH G (E 3) A P R 5
E i 2% T 8% BRF %) 2% S5 L - AL AR X D /2, 26 1 728 75 A
X U, R 2 T % 0 RIS 2L R R P
58 o AFURH EE T R T S WAL B S AR S (B 4) B L
TR 2% I 2% o ARG Al & 8D B BB D B2, HLR & B E P
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b. 2200x
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Fig.8 SEM images of the a-AlH, sample treated by cyclohex-

ane solution
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Stabilizing Modifications of a-AlH, by Acidic and Organic Solution Treatment

Yuan Xue-ling', Li He-ping'*, Pang Ai-min’, Tang Gen’, Xu Xing-xing’, Liu Hui', Liu Jian-zhong'

(1. State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China; 2. Institute for Energy Studies, Hangzhou Dianzi
Unuversity, Hangzhou 310018, China; 3. Science and Technology on Aerospace Chemical Power Laboratory, Hubei Institute of Aerospace Chemical
Technology , Xiangyang 441000, China)

Abstract: In order to improve the stability of a-AlH,, acidic and organic solutions were used as modifiers to treat a-AlH,.
Through structural characterization, stability test, and mechanical sensitivity test, the properties of samples before and after the
treatment were compared and analyzed. The performance on hydrogen release and the corresponding modification mechanisms
were compared, and the modifier with a better stabilizing effect was obtained. The experimental results show that the proposed
modification methods are effective and have a negligible effect on the hydrogen release properties of the studied samples. The
weight loss associated with hydrogen release observed for the modified a-AlH, does not exceed by 1%, and the changes in initial
temperature and peak temperature of hydrogen release are less than 3 °C, the maximum hydrogen release rate is not affected by
more than 20%. Treatment by hydrobromic acid solution exhibited the best effect on enhancing the storage stability of a-AlH,,
and the amount of hydrogen release for the studied samples during the storage was found to decrease from 0.87% to 0.02%. It
suggests that the acidic and organic solution treatment can reduce the impurities and defects on the surface of a-AlH, sample,
and the amorphous alumina or aluminum hydroxide are likely to be formed on the surface of a-AlH, after the acidic solution
treatment which enhances the stability of a-AlH,. Compared with organic solutions, the acidic solution treatment shows a better
ability to maintain the hydrogen release properties of a-AlH,, enhance its storage stability, and reduce mechanical sensitivity,
which can be used as a promising modifier in practical applications.

Key words: aluminum hydride;stability ; propellant; modification mechanism;mechanical sensitivity
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