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2.1 HHRFER

MBI I EE(PVA) CE R G FE (1750+50) ,
KR R A= R R |5 90K ALK CnAlD | SF- 350kE
%80 nm, I 5E B AR OBA FRA B i 2R R T —
Jis (HTPB) , I 1 55 Je b T R 2 w5 & A b
(NaOH) , 431 2k, |15 52 5535500 A B2 W] 5 JEoK & ik
(CH,OCH,) ,sr#r4l, g Brhr T A 223850 A Al

L3S 2L AR IAAL 2% R H AR B H A F] IRTracer-100
8 B nf 20 A6 % 3% A 5 XRD 3 X #% S B AR B 2
(Rigaku) 7\ & SmartLab %I X 5 £& 771 543 ; SEM X 4%
25 M i 2= Phenom 22 &) Phenom LE 47 & 5 34 i+
0 s DSC R A5 by b st 5 AR 22 3R T HSC-1
TR =X 22 78 A3 A 1 S TG A 88 Sy JE 5 fE AR
AT HSC-4 BV 3% .
2.2 SHEKBERHHEE

MR SCHR [ 201145 T nAlI/HTPB B &KL 1. TEKE
oA 0.8 g PVA 5 16 mLZ& WK , ¥ B ¥ i A 7K
WA, 90 CCMABEFE 1 h, BRI ZE 0 ClHMA0.62 g
nAI/HTPB (nAI/HTPB " nAl ) & & 5 90% , HTPB 4
BN 10%) , AREE5EHE 5 min, B 1 B AR B 5
B VUKAR , =25 C¥ %R 12 h, 15 CAE#R 12 h 1218
R3S B PVA-nAI/HTPB 45 Bk BEIE . N T % b9
AT 40 BE K B Y AR OK O B 2 e A T
PVA-nAl #1 HEK BE K, 25 & JH i 5 0.8 g PVA 16 mL
7&K 0.5 g nAl, il &t FE R L.
2.3 $AKRE

fi & 0.1 mol-L" Ay NaOH ¥ ¥ 100 mL, ¢
NaOH % B A 2 250 mL B = DB F = 1 k8
SR B A [F R (25,4055 .70,85.,100 °C) 7K
WP I 10 min, AR5 R H & 4F R A S REM
B B = DR, ZEAF ZE -, 77 AR A SR ek Ve B
BT R BN WK B A SO T VR AU P HE
B 7K B U AR 10 s s — R R N K A Ak
B EHBAHA KA IR . BG83 3, H
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17T e ahensmik, g5 L & 1 R . XF L nAIJHTPB,
PVA 1 PVA-nAlI/HTPB ¥ 21 4 it £ v] DL &
2920 cm™' Jy PVA FI HTPB 245 i C—H Sz % % 4 4
PR S FRAE % , 2845 cm™ Jy PVA FIIHTPB 345 1y C—H
Xof R A 40 R SRR AE I, 1634 cm ™' S PVA FIHTPB 344
1) —C—C— 4 IR shF#MF &, 931 cm™ 4 PVA HITHTPB
HH M —OHIBIRFNE , 1440 cm™ y HTPB f—OH
PR S, 673 cm™ S PVA 19 C—H T P 25 i 3% 30
FRAEUE . HEI HTPB A 75 78 44 K 85 0 2 1 O ELAT3 8K f7
OB, 5 3Cmk (2045 R — 8. HAh
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Fig.1 FT-IR spectra of nAI/HTPB .PVA and PVA-nAI/HTPB
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o nAl/HTPB [ il 2 b I JC A8 X 7 9 A7 565 06, 4
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Fig.2 XRD spectrum of nAl/HTPB and PVA-nAIl/HTPB

J WEFE PVA-nAI/HTPB 47 3L K #E 5 o nAI/HTPB
B 43 A R, %F nAI/HTPB Fll PVA-nAl/HTPB #E 17 T
SEM I, 25 SR 4n &1 3 i o fl ] 3a Al DA L K
I R ER R nAlL 78 K €6 K BR 3 T & 19 B a9 ok
HTPB. & 3b Al LLA i, nAI/HTPB 7E PVA H1 i 53 4
BRPES), nAlIJHTPB (I8 50 31 B A & A= o022 AT SRk
oM BRI

Beguius 10,06 12 6mm x25.0k SEOL) 0070081 | L
b. PVA-nAl/HTPB
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Fig.3 SEM images of nAl/HTPB and PVA-nAl/HTPB
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FEZH B A 10 mg B &Y 7E A KA T U
10 °C-min™' iy FHE 3 K XF nAI/HTPB .PVA Hll PVA-nAl/
HTPBTE 50~720 °Citi [l N 1 #AT i AT HR 58, 45 -
& 4 s . i 4 nAI/HTPB i DSC fh & n] LI 1,
TE 500~550 °C Z [a] A7 1 /> i #4 0, 0 T50 3R BE R
540 °C, iz V& ky nAl A AL > PVA 1) DSC il
2k 7F 400~500 CZ [ A 1 4~ #  , 06 T0 3R
470 °C, N PVA I 53 i U o T PVA-nAI/HTPB 1Y
DSC [l £ £ 50~720 °C3i [l P9 H 30 5 A4S i B, I rp
TE 470~520 CZ A1 A 1> g |, 6 ToIR BE 492 °C,
e PVA I 53 fff TRV s 7E 530~570 CZIEAT 14>
AR W T B 548 °C, I R nAl B SR AR Tl B
X} H nAlI/HTPB .PVA 1 PVA-nAl/HTPB 1) DSC i £k n]
1, PVA-nAI/HTPB h PVA 4 43 fift il $4 i 17) J5 8% T
22 °C, nAl/HTPB i S AL i i ] J5 8 1 8 °C, #fE I 3L
Al fE & PVA-nAl/HTPB 1 PVA J-OH 5 nAlJE 143 T
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Fig.4 DSC curves of nAl/HTPB.PVA and PVA-nAl/HTPB

3.2 fRKREIHFE

B o R 7 TR B K R R 2 R AR AR A SR B
FE U B XA KRR AR B S L UL T PVA-nAL R
PVA-nAl/HTPB 7EA A B2 F 5 0.1 mol-L™" NaOH J
V7 7= Gt R S R S5 AN 5 R 6 TR . H
& 5 F1 K 6 7 LLE i1, PVA-nAlLFI PVA-nAI/HTPB ) fi%
R A i R S R B I BE Y TR e IS K YR
JEIAF] 100 CH,PVA-nAl 5 K™= S 4 402 mL-g™,
KA R 640 mL-g”' -min™', PVA-nAl/HTPB [ %
K7™ & i Al i K7 AR 4 G 478 mL-gT! il
720 mL-g™-min™", i 00 H D AT RE O B 2 IR R 1 T
e BRI K BE IR T PV A [ i R BB, BRI Y nAl
B2 SR K RN A A AU 2 5 Bl IR T Y T L R
FEOKBE I PVA BV M SR IR, nAL Y R 0 2
PR R KN A 7 G SRR iR R B L 1 3

N XK 2022 % %304 # o6 (557-563)



560 SRAETH AR AR, BR VRV G L T A L A
—=— 100 C TE — —=— 100 C
5001 e85 = 7001 —e—85C
> et & . —a— 70T
£ 4001 —*—55C E 600 ——s5C
= SAAAAMAAE ix TG S 5001 R
%’ ) Xxf**** vvvvv"V"'“ S 4001
= v ——— °
2 2001 oo 2 300
é 100 ...lllllllllll-...... % 2001
§ . ;; 100+
- 5 0 v
0 100 200 300 400 56/0 600 700 800 900 10001100 I 0 100 200 300 400 50/0 600 700 800 900 10001100
t/'s t/s
a. PVA-nAl a. PVA-nAl
—=— 100 C TE 8007
- —e—55C & 7001
> —h—70C =z 1
| — e 55 = 600 T
E —¥—40C = ]
& **** Yy vy i=] 500 ]
g o WWVW" —a—25C .g 400-_
o
“_%‘ 'v'vvvv .........III E_ 300__
o —_— g 2001
g ” g 100
3 E‘ 1007
s 07
2
©

0 100 200 300 400 560'/660' 700 800 900100011001200
tl's
b. PVA-nAl/HTPB
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Fig. 5 The relationship between hydrogen production and
time curves in the reaction of PVA-nAl and PVA-nAl/HTPB
with 0.1 mol-L™" NaOH at different temperatures

T, A8 T A% ] e (T TG R38N, 7 )2 T B AR R
5K R AR BRI, T B K RN R R, 5 AL
S22y — %, Y346 76 100 °CF ,PVA-nAI/HTPB %
K=&l b PVA-nAl 1Y Je K™= &8 76 mL-g™ #E
Al g L7 7E nAl £ T 19 HTPB X nAlEZ 2] T 197 1Y
YER L BHAE T nALR 3 — 2548040, AT 42 & 1 458 7K = iz
B 7= A &5 PVA-nAI/HTPB 1Y fix K 7= & R
PVA-nAl Y iz K7 23 % 5 80 mL-g™ -min™", #E I H
JE R AT BB nAl I 19 HTPB BHLAS T nAl 3 1H %A
AR B T B, DT 42 55 17 R 7K N 1 %
3.3 fAKREZHIE

bR FE B OK RO AR A 4y, X 100 )CF
PVA-nAl/HTPB 5 0.1 mol-L™" NaOH & ¥ [z I J5 )
e AT A Aok SR K 7 R . B A
PVA-nAl/HTPB /2 Jif 5% i /9 21 b i & v LB
3403 cm™' Sy —OH [ 45 4 3l I g, 1410 ecm™' 2y
—OH M 42 1R gl 0, 4D PVA-nAI/HTPB B 45 7K 2
W) R E A —OH & 51634 cm ™ H—C—C—
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NaOH S i fy 7 % 5 5 I [8] fr) 56 58 2%

Fig. 6 The relationship between hydrogen production rate
and time curves in the reaction of PVA-nAl and PVA-nAI/HT-
PB with 0.1 mol-L™" NaOH at different temperatures

i 4s 3% s, 673 cm™ 4b PVA ) C—H 1 PN 25 i 4F 30
FRAF U 2%, HED 1634 cm™ iy HTPB i —C—=C—1ifi
45 Pk gh e, HFC O PVA R T 5 % F NaOH % i
o, At B0 AN PRSI K T HTPB A 5 % F NaOH ¥
W, T LB 2 2 1 4% i — A B0 th ok o i kX L R 7
' PVA-nAI/HTPB #1 PVA-nAl/HTPB J i 4% 5 14 £ 4
M 26 7T LA L PVA-nAl/HTPB S W 5% i# (1) 21 4b ith 2%
FE1070 cm™ A1 470 cm ™ A W BL T 2 A~ #E X 2 A4S
U6 Ry Al—O %t 1) 47 AiF U

FKHIXRDXF 100 °CF PVA-nAl/HTPB 5 0.1 mol-L™"
NaOH ¥ i 2 I 5% 75 149 5 780 245 A4 28 47 0 41 49 B, 3k
T A 5°~90°, FAFHHE A 30 °-min™" 45 R ANE 8 Fin .
HE 8 LA H,20=14.49° ,28.18°,38.34°,48.93°,
64.03°.72.48°% b VA J& F 45 (1 17T 55 06 | 33 2L A7 S5 06 4y
S %F 8 T T L 575 (fee) 45 4 AIO (OH) %5 (020) |
(120).(031).(051) . (231)F1(122) & i i 45 4E 47 5t
W, 5 HEA R R —F . £UIFE 100 °CF PVA-nAl/
HTPB 5 0.1 mol-L™' NaOH JZ Jii 7= #1 & AIO(OH) ,
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5& 7 9 PVA-nAI/HTPB 2 N 5% #5 i £1 40 i &) 45 S —
o MITE 20=20°7 47 Kb AHXT L /A7 5 043 2%, H 0 4y
PVA - nAl/HTPB S v 8% i H (9 PVA T 2%, 5l 7 [
B B 21 A0 2R R PVA Y C-H T P 25l B 3l 45 F 1
T4 2R B 45 A — 2
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Fig.7 FT-IR spectra of PVA-nAl/HTPB and PVA-nAl/HTPB re-

action residues
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Fig.8 XRD spectrum of PVA-nAI/HTPB reaction residues

S} BE5E 100 °C T PVA-nAl/HTPB 5 0.1 mol-L™
NaOH 7 ¥ 2 I 5k i I 50, % 52 g 5% 47 1 SEM
M, g5 R 9 fr s . XF EL & 9a & 9b ol LLE
PVA-nAl/HTPB £ J2 i B M 3k, 100 °CF PVA-nAl/
HTPB 5 0.1 mol-L™" NaOH & W I b7 J5 B4 4% 8 Sk ik
RATER A RAE S ek Y5 i 1K 9b /] LLE 1A
BAB SR HRY A B G5, #HE 6yl
HTPB, 5 & 7 & I 5% i (19 21 5h it 26 v & 47 HTPB 11
—CH—CH—RYFFEIE Y 2538 — 3.

T #5100 °C'F PVA-nAl/HTPB 5 0.1 mol-L™
NaOH # W& [ I (14 5% i 21 53 , 7655 RS X HTPB
R 5% #5 7E 50~1100 °CIE F 247 7 TG Mk, 7
THEREN 10 Comin™  S5RQE 10 7R . IWE10a Ry
TG-DTG M€kl LLF 8, 7 377~497 °CHu [l W AUAF1E
— A AR R B K 29 95.00% , i HTPB fY
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b. PVA-nAI/HTPB reaction residues

B9 PVA-nAl/HTPB FI PVA-nAl/HTPB JZ ¥ 5% i 11 SEM ]
Fig.9 SEM images of PVA-nAl/HTPB and PVA-nAI/HTPB re-
action residues

O3 i B O, HLTE 454 °Cak ) fie KT 0 4k R
ME 10b () TG-DTG ith £k 7] LLF th, &0 5% i 78 50~
287 °C Bl N A7 AE — A 00 & 40 2k 1o B 5T & K 24
15.00% , J B BE R AIO (OH) (9 JB 7K B #4626 |, o # 4
RAESEISTHF W as A — 80 54, sRik 1 287~
438 Cl Bl A7 76 — A 00 o 40 % b B, O o Ok 24
11.00% , It By Bt 4 5% 95 v HTPB 19 43 i 5 45 2%,
i R (H 5 PVA-nAI/HTPB i HTPB (10% ) Y & 4 3
A—F ., NE10b K DTG kvl LA H,AIO(OH)
49 5 7K B R 41 2K S SR AE 73 °C Ik B B ok, S0 AR i R
HTPB (1% 7 fiff JoT 1 15 2 3K R 7E 372 Cik # e K.

i 3 XF 100 °C F PVA-nAlI/HTPB 5 0.1 mol-L™"
NaOH ¥ W I 5% i 1) — 3 9 R AE 43 H , 45 R R 7E
100 °C'F PVA-nAI/HTPB 5 0.1 mol-L™" NaOH ¥ i [ i

e KN AIOCOH) . 454 3Cik(15-16],
HE D 20 ok ALFE NaOH I W itk 2= X F
7S
2Al + 6H,0 + 2NaOH — 2NaAl(OH), + 3H, 1T (1)

NaAl(OH), — AIO(OH) + NaOH + H,O (2)
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TIC
b. PVA-nAI/HTPB reaction residues
10 HTPB FI PVA-nAl/HTPB J )i 5% ¥ i TG-DTG i &
Fig. 10 TG-DTG curves of HTPB and PVA-nAl/HTPB reac-
tion residues

4 % it

COFI 9 28 22 B 25 i) %5 1T PVA-nAl/HTPB 45 J&
IKEE I, IF X HBEAT T 450 FOE 3 i R AE , 45 R R W]
PVA-nAl/HTPB %8 £ /K 5 5 v 1 nALTE PVA th 43 4 52
R ¥ 5] HTPB AR IH AL 8 7E nAl 18, H nAIE A K4
AP HTH LASR 55T 1 T8 A7 AE .

(2)# 55 T PVA-nAl F1 PVA-nAI/HTPB P b 45 3
JK BRI AE AN R E T 5 0.1 mol-L7 i NaOH % i 2
N R 45 5 3 IR th 25 CHE N E] 100 °C, FRK
N B K At 5 R R S R AR R N X
I PVA-nAl Fl PVA-nAI/HTPB & RE 7K BE I8 19 £5 /7K &2
AR P 45 5 3 W] PVA-nAl/HTPB 9 & K 7= A & [
PVA-nAl i B K 7= & i # 76 mL-g™', PVA-nAl/HTPB
0 xR P2 A R H PVA-nAl B9 B R A R
80 mL-g " -min™", H1 HIE B 44 0K R 2 W42 83 (19 HTPB
PRI T nAL 3R & T BR K SN Y fe K Ui [ B4 e
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Aluminum/Avater Reaction Mechanism of Aluminum-based Hydrogels

GUO Chun-yu, LI Ting-run, ZHAO Yang-yang, BAO Shu-xia, ZHANG Hui-juan, WU Rui-feng
(School of Chemical Engineering , Inner Mongolia University of Technology, Hohhot 010050, China)

Abstract: In order to study the aluminum-water reaction characteristics of PVA-nAl/HTPB, the PVA-nAl/HTPB composites were
prepared by dispersing nAI/HTPB in the polyvinyl alcohol (PVA), which was obtained by physical cross-linking method. In or-
der to explore the aluminum-water reaction mechanism, the aluminum-water reaction characteristics of the polyvinyl
alcohol-nAI/HTPB with 0.1 mol-L™" NaOH solution at different temperatures (25, 40, 55, 70, 85 °C and 100 °C) ) were investi-
gated and the residue after the aluminum-water reaction were characterized. The results show that the maximum hydrogen pro-
duction and rate of PVA-nAI/HTPB is 76 mL-g™' and 80 mL-g™'-min™", respectively, which is higher than that of PVA-nAl. The
product of the aluminum-water reaction is aluminium oxyhydroxide (AIO(OH)).

Key words: PVA-nAl/HTPB; Aluminum water reaction; Hydrogen production; Hydrogen production rate; Aluminum water reac-
tion mechanism
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