HTPB {5 Z F AIH, 19 B 0 41 !

XEHE:1006-9941(XXXX)XX-0001-11

HTPBEZ T AIH, IS &
IR HAR, AEEE BYLE R RYL,E RV RERY MR

(1. WM R EBEAF R, W EH 441003; 2. AN FRBELEE L LHE, #d EH 441003)

M OE: T EH AR (AIH) BB EINE, DL CA S REALT, LG AR IR T 6 (HTPB) S UG e AIH, 2 fff 7= A= 1 &L A b
JACE HTPB (A (0 HUSUEE I, (75 AIH, 23 fife ™ A 04 S0k B B WSt 388 3 AROK = 4 7 PR MR R AR08 (0K CT) e R 4 #r A - 22
AR P(TG-DTA) FHHli i F B85 (SEM) X SR AT 5 (XRD) S AL 5 3%, P58 T HTPB AR R T CAXT AIH, 43 7 A= 1Y & 1 4
AWM It — 28 40 W T SRR X ATH, 0 B RE T . 25 3 % B0 : CAFE HTPB R &R R AT AR 4 ks AIH 43 figf 7= A= 1 S04 Ak T
W, A AIHL/HTPB 24k fp AL A 7= 28 |tk 35 4 38 24 b % A (R BT 4G B[] s CA BN A4S 70 °CTF AIHL/HTPB IR A3 B H AIH, 43
75 S 01 A s 1A]5 E  6 d SERF T 15 d, 60 °CF &4k 203 dJi AIH,/HTPB/CAIR AR A TP AIH, 19 H & 54 8.94%, 1Mii AIH,/HTPB
AR P AIHL I H & B8R 3.12%, 3 B AIH, 20 i 7= A2 19 S8 CA AR IR 3 HTPB (1) C—C XU [ il C—H B 1117 AL e W i 2
J&  ATH AR B 18 43 ik 10— 2 300, ATH, 19 50 A7 7E &0 1A AL

K FREMRE AIH, ;s B AL i s B I
FESES: T)55

XHERFRERG: A

DOI:10.11943/CJEM2024245

0 315§

AR (AIH) 2 —Fi A & & AR R SR
ALY IEEORE TN R R AR B A, ACE S 2 4
fiff g 0TI AR Ry KPR Ry K A X Ay F T R
30.01,% % 4 1.48 g-cm™, & A 1K 10.08% , i &l %
JEN 148 g-L7', WA (70.8 g- L) WFIAE . AlH,
U JRBE W ARG Ay LIS FE B RE A R} S
BN A S — [ A 4 2 5] HAR 1Y) v R R RES O B
TRBUEE R X N R R T M (HTPB) fa-AIH, #i 1 51
YRR ATL IR, AT I S Bl ) 2 S 38 R R S 4 i
i 5 8% (FESEM) 43 BT , X EE a-ATH, FIT ALK o 3 2
% o-AIH, T3 32F 2 L )2 B 42 2F 4 1 R0k e .
LM, 5 HRTE AI/HTPB JCF 3 28 70 A He , FH AIH,
AR ALKYEE il B oh 3 010%™, IF il MG 1R AR

Y ts HEE: 2024-09-12; 1€ EI H#: 2024-10-27

o4& H kit B #3: 2025-01-14

EE® A TR (1998-) , 3, B B TR0, 35 52 )\ 3 [ 44 9 20F 5
5% . e-mail:2448316133@qq.com

BEBERA: WK (1973-), 5, 058 51, 8 22 D\ [ 1A 4 F 0] AF

7% . e-mail:chixh@126.com

5% "o 0 AIH, IR E R 25, B o f B AL, S BUME i
IR 3 N R SR ) AT I R X [ R )
[

Herley %:12?*" Tarasov %% & Graetz %" ) fiff
AR B AIH, 19 43 e A 46 22 S Y, ml i il 2 3 43
i S R R 98, OF H Graetz %00 AlH,
(4 43 fift B U LA AL RV RRAE o Ardis 27 7E AIH,
S5 RN Wy E R Bl 2 B R E ek A5 Tl S A 4K
AT LI ATH, 9 #4088 0 P 32 %5 10~20 f% . Roberts
SR - AIH, 1 il £ 3 R L i A D B B Bk 4o 3 B
FREEBEXT o-AIH, #E1T 18 4%, 45 5 & 4B Z2 6E 1Y a-AlH,
IR 1% T E 8 d, RIBERM a-AIH, HTTE 4 d,
FE (LML S B e BRI R 2. B BT B AR AE
B AIHL RS E R 7 A — & Y RCR (H B T X5 ATH, Y
A3 R BLHI AN 2, AS B A2 A 1) 5 2% Xt ATH, 3E
s ek

ARWFGE LA CA AL, LA HTPB A W Y 551, 1
CA Kt AIH, 73 il 7 A2 1 S A AL s 31 HTPB ) C—C
e AR AIH, i A 0 SR R IO T S i
K = ST AR EMR AU (Ck CT) 8547 T AIH,/HTPB 24
FE R = SRR 43 B, BF9E T HTPB AR R F CA X

Sl AR : EAEE, W R, 4 [ Hi, 45 . HTPB A R F AIH, BB M6 ). & fE# K, DOI1:10.11943/CJEM2024245.
WANG Bang-qing,HU Da-shuang,JIN Guo-rui,et al. Inhibition of Hydrogen Release of AlH, under HTPB System[J]. Chinese Journal of Energetic Materials

(Hanneng Cailiao), DOI:10.11943/CJEM2024245.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK XXXX & XX A& HXX#8 (1-11)



2

FBE IR R, G [ i, 0, B AR R B R, T

ATH, 53l 77 A= 1 S0 A A0 ROSCRE M |, 98 )5 38 3o X O 4R
5T (XRD) (JGCFR 4 A A B 28 46 2T A0 63 (FT-IR) |
HO# B 7 8 fsE (SEM) | # F-25 JR B R R
(TG-DTA) & 7 eitt — 25 40 1 T @4 IS X ATH, 43
ik RS2 ) Sk ATH 43 g AL 1 50 BT B A (o] 4 i a2 741
R E Ak I L A S el S R R S

1 LIeE S

1.1 RFENEE

A AIH, o B R Dy 171 wm, 59 6
RACFF AR HTPB - 1 L, Bk T 53 Bt 5 DU &
WiRg o BTk, A A T A BR A s CA AR, il
& R A AR A RS A 5 AR HOR R SRR R
A AR (TDD) , ¥ M K AL TDI A BR ST A wl .

Y #% : XRD 2% JH % & Bruker Axs 2% @] D8 Ad-
vance BT ; SEM 2k I H Atk = 254t JSM-6360LV
4 MO TG-DTA % 45 [ it 3t 2 &) /Y
STA 449 F3 P - 25 A0 H 40 B4 o0 3= 43 i R
Elementar 2A & fJ VarioEL 1 % 5T & 43 M1 s #K CT
K = U0KE % AL AR By A PR 2> 7] B9 Nanovolex 3502E
ROk CT.

1.2 H&AHE

AlH,/HTPB & & X FE (AIH,/HTPB mixture) : 44>
IR S PRI 0.4 g AIH,FIT2 g HTPB LA 15 mL 3% 55
N, 2T B R PEIR A % AIHL,7E HTPB
Sy A] .

AIH,/HTPB/CA & & i ¥ (AIH,/HTPB/CA mix-
ture) « B A0 5 AE PR 0.4 g AIH, .2 g HTPB Hl
0.013 g CAJTEA 15 mL B SIS N, % I T FH 3000 4
PEPEIR A T2 AIH, I CALE HTPB 20 44 41 .

AlH,/PEG I & i B (AIH,/PEG mixture) : 5~k
I RE AR 0.4 g AIH, T2 g PEG BZA 15 mL 3 35 i
WL E R T B S R R G H 2 AIHL7E PEG H 40

AIH,/PEG/CA IR & il # (AIH,/PEG/CA mixture) :
AR RE S FREL 0.4 g AIH, .2 g PEG F10.013 g CA
FRA S mL B BE B N, =R B R PR A
% AIH, I CATE PEG 23853447,

DL E PR 2 BRI A 5~ 10 MR B RE L RS 4
M A B VR IRLEE 9 70 CClE IR I HERE A AR PEAS
[7i) 2 Ak B[] R A7 BORE S B o R 9 JC A 365 1Y) 7 9k )
AlIH,/HTPB AIH,/HTPB/CA .AIH,/PEG #il AIH,/PEG/CA

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-11)

DU AR G R T ATH, 9 & 6 B2 R AT R AR A BFSE R
JH V0 S0 g T V0 B0 3 B 0 R L VIR A W P R IR
R BT Y ATH, T AR R

AIH,/HTPB 24§ #£ . #x it 3 g AIH,. 15 g HTPB #lI
0.588 g TDITH ARG, il o TC3IR A WK 43 1R
G 5], HE A BEAE JBR 245 K N Y ML T AT 50 °C
1k, AL e A 7 do

AIH,/HTPB/CA 254 . FRHL 3 g AIH,. 15 g HTPB |
0.1 g CAFI10.588 g TDI AR A, i TR A
UK 20 730 IR A 3450, 1 L2 A SR 25 K <
JFi#E4T 50 CIEE, BRI [E 2 7 do

W [ 16 157 (49 AIH,/HTPB 2545 F1 AIH,/HTPB/CA
AR RO C R U EE 1Y 70 °CHE R A HE A b AR B
[Fi] 2 Ak B[] 2R A7 BORE 4317
1.3 Mk A*E

XRD:26 4 10°~80°, fiz/NE K 20:0.001,

SEM : Jilt K A% EC A 8~30000, 38 5o F9 4 B 7 2 15k
K3 BT AR i ) SR THE S

TG-DTA: &AM, 10 °C-min™ fY F i 3 %, )
I 30~350 °C,

JCE ST Al RS 3R AR TR AR A )
fiff AN A SR A i, 38 3 9 B 00 3R A A B A I B 4

K CT: ML R 130 kV, LT 100 pA, BEGY
B4 0.19 s, 70 HF% K 13.66 pm.

2 #R5iTiE

2.1 mREHRE
K1 AIHL/HTPB 25 #: 7E 70°C N A [] 2 4k 15 [
FE S BORCK CT G451, & 1ak AIHL/HTPB 25K 9] 4f
FE SRR CT AR5 45 5 , 1T LU O & H 2 4 P 45
e HE JES—, TFLIR ML, B 1b R AIH,/HTPB
Z4HAE 70 °CF &4k 4 dJ5 FES UK CT Y45 05 45
2R B B B R ARAL, RRALR LS
WL /N, B 1c AIH,/HTPB 25478 70 °C K %4k
9 dJEFE S TIOK CT IR 05 45 3, 258 b 7 & 1 < FL
TR RN B 2 A4 Mg, PR
Wi 5 2 A T f 86 o, 245 0 PN 3 ARCFL R T 0 2 s
ANRIRALZ ) Z RS AR RS YKL R it
2R B AR B S 0 B KR st 28 R A R B 3
TE L2480, S AL FR T 20 3 A 1 R 58 2 3% 3T A 4 T
MR BUEE 254 N AR B TR M R A0 AR HE
N Lk

www.energetic-materials.org.cn



HTPB 1K & T AlH, B9 B %0 i

top view

side view

a. initial sample

top view

side view

b. aging at 70 °C for4 d

top view

side view

c. agingat70 °C for9d

1 AIH,/HTPB 251 [F) 2 AL I [B] A9 30K CT #0545

Fig.1 Micron CT flaw detection results of AIH,/HTPB column with different aging times
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Fig.2 Micron CT flaw detection results of AIH,/HTPB/CA columns with different aging times
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Fig.4 FT-IR results of HTPB in two mixtures
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Fig.5 XRD spectra of the AIH, samples
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Fig.6 SEM image of the AIH, samples
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Table 1 Elemental analysis results of the AIH, samples
aging state sample C/% H/%
AlH, 0 9.98
unaged AlIH,/HTPB mixture 0 9.97
AlIH,/HTPB/CA mixture 0 9.98
AlH, 0 9.83
aging at 70 °C for2d  AIH,/HTPB mixture 0 9.83
AlIH,/HTPB/CA mixture 0 9.82

H ot 2 & & M T 4l AIH, 28 1 5 5 I3 AITH, 23 i
70 °CF &4k 2 dRE S H & BN TR RS B H
Tt AL

H XRD . SEM F1 78 F 43 H7 1) R AE 45 vl 0, i i
DU & K g 3 VTR A iRE BT A 2L BR 25 HTPB Rl CA 41 4%
TR AIH B R A2 AIH, B B 454 R IESR, B
PR R PR R AIH,,
2.3.2 MUMEHDH

7 0 AIH,/HTPB IR & il 1 AIH,/HTPB/CA &

a. AlH, from AIH,/HTPB/CA mixture
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FE b AIH, UKL 2 T FL W F1 Bk B B @ 22 7 AIHL,/HTPB/CA
IRA R

& 8 AIH,/HTPB & & 1L RE Fi AIH,/HTPB/CA 1R
Al FEAE 70 °CF &1k 36 d 5 H AIH, ) SEM 8 %}
oo i SEM BB R o] LIE M & A T 2118 d 5 i
BE S, AL AIH, 3R AR 22 TG 23 TR R B B AR 2 — 25
Hm .

2 ATH  3R0FE ) SEM BB 5% L T %0, ATH,/HTPB
TR A IR i AIH, R 23 i B i 1 T 2 0 &, 3 BOH B0RE
2 18 A AL R AR B B 2 T AIHL/HTPB/CA TR 4
L, RUTCARYINABRZE T AIH, 19 53 fift B = o
2.3.3 O

98 70 °C T A A AL I B R 41 AIH 3 FE 1Y
DTAZES, th 9 45 5Ll 0, Bl 2 2 £k BF 18] 7 185 o

b. AlH, from AIH,/HTPB mixtrue

Fig.7 Comparison of SEM images of two groups of AlH, samples after 18 days of aging at 70 °C

a. AlH, from AIH,/HTPB/CA mixture

B8 70°CT #4k36 dJaPidl AlH,IREEN SEM BB H- Xt L

b. AlH, from AIH,/HTPB mixtrue

Fig.8 Comparison of SEM images of two groups of AlH, samples after 36 days of aging at 70 °C
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Fig.9 Comparison of DTA results of two groups of AlH, samples with different aging times at 70 °C
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Fig.10 Comparison of TG results of two groups of AlH, samples at 70 °C with different aging times
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RAFE P AN, 5 S IR B E R 6 d,if S
WA AR, B o iR+ 2248, =1k 6 dJs , H AIH B H
N 9.56%, X T AIH, ¥ Ih H & BEACFEK T
0.42%. %56 dEFH 27 d A AIH,/HTPB IR & ik £
AIH, 1 43 ff i 39, ATH, B 40 i o 28 20mDm ke, & 1k
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Fig. 11 Effect of CA on AlH, fractional hydrogen in AlH,/HTPB

mixture at 70 “C ( (1) induction period (1) acceleration peri-

od (1) decline period)
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Inhibition of Hydrogen Release of AIH, under HTPB System

WANG Bang-qing'**, HU Da-shuang'?, JIN Guo-rui'*, XIAO Xu'**, LUO Cong'*, YANG Gen'*, CAO Rong'*, ZHAO
Cheng-yuan'?, CHI Xu-hui'**

(1. Hubei Institute of Aerospace Chemotechnology, Xiangyang 441003, China; 2. Science and Technology on Aerospace Chemical Power Laboratory,
Xiangyang 441003, China)

Abstract: In order to achieve the inhibition of hydrogen release from aluminum trihydride (AIH,), the hydroxyl polybutadiene
(HTPB) was chosen as hydrogen absorber to undergo the hydrogenation reaction with unsaturated C—C double bonds under the
catalytic action of CA catalyst, eliminating the hydrogen released by the decomposition of AIH, in time. The catalytic absorption
characteristics of hydrogen released by AlH, under HTPB-CA system were studied by micron three-dimensional image microsco-
py (micron CT), elemental analysis, thermogravimetry-differential scanning calorimetry (TG-DTA) ., scanning electron micros-
copy (SEM), X-ray diffraction (XRD) and other characterization methods. And the effect of hydrogen absorption on the decom-
position of AIH, was further analyzed. It indicates that CA could catalyze the absorption of hydrogen released from AlIH, in the
HTPB system, inhibiting the generation of voids in AIH,/HTPB grain which significantly prolongs its volume cracking time. The
addition of CA extends the induction period AlH, decomposition in the AIH,/HTPB at 70 °C from 6 days to 15 days. And the H
content of AlH, of the AIH,/HTPB/CA mixture is 8.94% after 203 days of aging at 60 °C, while that H content of AIH, of the
AlH,/HTPB mixture is only 3.12%. It suggests the inhibition of the decomposition of AIH, after the hydrogen reacting with C—C
double bond of HTPB to form C—H bond under the catalytic action of CA, demonstrating a hydrogen autocatalytic decomposi-
tion mechanism of AlH,.
Key words: energetic materials; AlH,;autocatalytic decomposition; hydrogen release inhibition
CLC number: TJ55 Document code: A DOI: 10.11943/CJEM2024245
(SEshi: £ #)

o
I

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-11) o A A A www.energetic-materials.org.cn



HTPB 1k & T AIH, i1 B S0 i

P SO 2
NANCH, cA VW CH,

HC =——CH —_— HC — CH,

without CA with CA
comparison of SEM images of AlH, in mixtures
with and without CA at the same aging time

In this study, HTPB was used as an hydrogen absorber to undergo the hydrogenation reaction with unsaturated C—C double

bonds under the catalytic action of CA catalyst, eliminating released the hydrogen and achieving the inhibition of AIH, in HTPB

system. the effect of hydrogen absorption and hydrogen autocatalytic decomposition mechanism of AIH, were determined. It can

provide basic data and technical support for the analysis of the decomposition mechanism and stabilization of AIH,, promoting

its application in the solid propellant.
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