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Table 1

sition reaction

Preparation method of cobalt oxide with different crystal planes exposed and its catalytic effect in AP thermal decompo-

cobalt oxide catalysts

with different crystal preparation method effect on thermal decomposition properties of AP ref.
planes

) dissolve-repreparation . )
Co,0, with(220)planes the decomposition temperature of pure AP is reduced by about 143 °C [12]

method

. hydrothermal annealing

Co,0, with(220)planes
’ method

Co,0, with(110),

(111),(100) planes

solvothermal-hydrother

mal method

crustose Co,O, with

(220) planes treating method

lamellar Co,O, with precipitation heat treat-

(311) planes ment method

the maximum HTD peak temperature of AP is decreased by 116 °C, and the heat

epitaxial growth-thermal the decomposition peak temperature of AP is decreased by 97 °C, the heat release

the decomposition peak temperature of AP is decreased by 142 °C, and the activa-

release is increased by 576 J-g'

the HTD peak temperature of AP was reduced by 135.1 °C, 124.6 °C and 98.2 °C  [36]

is increased by 789 J-g™', and the activation energy is decreased by 53.3 kJ-mol™

tion energy is decreased by 64 kJ-mol™
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Fig.3 FE-SEM images of Cu,O prepared under different n(sodium tartrate)/n(Cu®") conditions:(a) 0;(b) 2.5;(c) 4;(d) 10;(e)12.5"
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Fig.4 DSC curves of pure AP (a) and Cu,O prepared under different n(sodium tartrate)/n(Cu®") conditions mixed with AP:
(Sample 1) 0; (Sample 2) 2.5; (Sample 3) 4; (Sample 4) 10; (Sample 5) 12.5'*
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Table 2 Preparation method of copper oxide with different crystal planes exposed and its catalytic effect in AP thermal decom -

position reaction

copper oxide catalysts with )
. preparation method
different crystal planes

effect on thermal decomposition properties of AP ref.

. microwave assisted
Cu,O with(110)planes
solvothermal method

the LTD and HTD temperature of AP are decreased by 22 °C and 70 °C,

and the decomposition heat is increased by more than 35%

the LTD and HTD temperature of AP are decreased by 23.5 °C and

Cu,O microcrystal
. hydrothermal method

with(111)planes

Cu,O with(100) .(111)

planes method

one-step hydrothermal

CuO with different degrees of Na,PO, assisted hydro-

(200)planes thermal method

high temperature exothermic peak are shown at 386.362.352.351 and
329 °C, and the HTD temperature of AP is decreased by 68-125 °C

73.6 °C, the decomposition heat is increased by more than 47%, and [42]
the average activation energy E, is decreased to 100.3 kJ-mol™

(100) Cu,O makes the LTD and HTD temperature of AP decreased by
39 °C and 96 °C, and reached the highest heat release
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Fig.5 SEM, TEM, and HRTEM images of Fe,O, containing: nanosheets with (110) planes (a, b), nanoparticles with (110)

planes (c, d), and nanorods with (111) planes (e,f)"**
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IR REAIR 67.3 °C, 2 W4 ff 4 17 785 )-g7'

Fe' 1 25 B3 RE $2 it o 7 5% B2 1 35 Jir | DA T 412 ik
AP SR LN o AP i i 8 0 2 S By HCIO, /Y 4 i R
€, Fe,O, B {2 if HCIO, 43 % ClIO, il O™, ixX £ 43 fi%
Yy J5% 0T A SR AR R E — 25 A iE AP 3T NH, 1 43 ff
A0 R0 T LA 230 B 43 il A R B, 40 Fe, O, g
i 3 2 1 W B C1O, A1 O* i iF HCIO, 1y i — 4 43 it
Sk s WAL T PR . AP 3 TR T W B A9 A4 R )
Y 1) A 35 A0 53 A A A5 2 T it — 2B m A A 8l e
F2I R AP 1 HT D W 35 1) K e B AIS

P3G T B ERAS IR b kAL X AP S i
HEALAE T, He b LTD A HTD 1 35 35 4 A ) 72 J3E 1 [
I, o f AR A KRR TH . 40K Fe, O, 1 5 1 fiE AL I
L e N A T AN SR o AW o2 o N i R 1

bR HEF T AN [ 0 M7 SR A R B B AN
], DAL AR 05 PE AN ] . 22 8% (11 0) 1H 1Y Fe,O,
M T % Fe i 2 BB v L4320k H CIO, i HL
T, I AP 4y i 4 NH, F1 HCIO,, /& ¥ LTD i 2
AT . J3AN EEHTD W, Fe I S R i A
AT HTD o 2 b iy i 5 8% BRI £ i B+ ML O, 5%
BE O, LM CIO B % NH,", K3y i F& K
HTD i il i i 50 °C . 3R i M T 5 UKL IR AR % U) A
KT AP B4R . Hoh  BAR R R T
T 9 K 48 K g oKk B 48 bR B T3 1k L o5 280 B
%, Re s W MR TG AL TE Z B m Y oy F L, R T
O 1 A b 06 P DR O R N AR R A R R R
6 78 T A LG R T R ORL BB B — 2D 4 AP Y 43
fife M BE -

R3 RGN AL 0 £ D i B A AP R fife SR i LRI

Table 3 Preparation method of iron oxides with different crystal planes exposed and their catalytic effect in AP thermal decom -

position reaction

iron oxide catalysts with different )
preparation method
crystal planes

effect on thermal decomposition properties of AP ref.

Fe,O, nanosheets with(1 1 0)planes,

microwave heating method

nanoparticles .nanorods with(1 1 1)planes

a-Fe,0, nanotubes with(1 0 4)planes hydrothermal method

. hydrothermal annealing
a-Fe,O, with(110).(1 0 4)planes
method

sol gel method .Hydrother-

nano Fe,O, with different degrees of(104)

planes .
lysis method

mal method, Forced hydro-

the LTD and HTD temperature of AP are decreased by

[45]
51.2°Cand 31.7 °C
the LTD temperature of AP nearly disappears, and the [46]
HTD temperature is left-shifted by 111 °C
the HTD temperature of AP are decreased by 95 °C and
53 °C, and the activation energy E, are decreased to [47]
170.0 kJ-mol™"and 199.1 kJ-mol™
the HTD temperature of AP is decreased by 67.3 °C,and (48]

the decomposition heat is increased by 785 J-g”'

1.4 HEUYEEEMW

Li 25 H i B A T # @ (2 =1 =1 0) T 1)
ZnO YK R, BB ZnO 4k A 7 H A0 S 1 4 Ak vt
WIN 4% 1) ZnO ALBEFEAR AP [ HTD IR 121 °C, i
PO B 550 )-g7', HIG AL B8 B K 13.5 kJ-mol ™',
Tian %058 o — 88 W 1L 22 IR AR IR 25 1 R il & T /i
FR 5 (0 0 1) TH A A4 K4 20 22 10 B ZnO 25 0 Bk, 45
L% PRI AS AR AP B9 HTD I 35 A% 101 °C, 1% 1k
fie E, 1 (150+14) kJ-mol™ f& 1% & 63.7 kJ-mol™',
Tang R AL 2R DI TG T 2000 1)
17 ) ZnO Bl 48 K & A, & B3 3t 98 5 % 590 L AT
ZnO 75 J7 1 A G5 46 38 Wi i A Ry S T F A5 L B T
(0 00 1)If Ay b 2% 1 FR 3G K (45 i A0 6 Pk iff — 20 2
Tt , AP 43 9 15 AL 6 E, N (154.0+13.9) kJ-mol™ &
FAA% %2 (63.3+3.7) kJ-mol™',
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Hosseini 4725l 1 7 {2 M be v B il 1 £ B 54 55
(1.0 1) M ZnO 44 K kL , Bt & WL 1 ZnO R 112
40~80 nm [ EKIE ShRL, TR I ZnO G4 KA+ 15 AP 1Y
HTD i i B 1K 120 °C, #A B i i 590 J-g ' 3 Jin 51
1215 J-g™'. Chai 48l o B # #0 ff 1k i &% 7 2 5%
(10 1) ZnO TR FIUREL , 33 8 F5ORE H 75 75 b #E Uk
F2H 20, X T AP A G i 2R B 3 0 A AR AR
F BN 2% B ZnO fORLAS [ RE W8 B AIK AP 1 HTD U
i 154.3 C, HAR B 1351.6 )-g7', NI AP Y
3.87 1%

ZnO X T NH, S A 38 B0 i 8 A0 305 1 |, i HL e 6%
e ClO, it o 76 LTD i 2 v, S0 A 18] 7= 4 NH,
TS5 W T AP R, I E— 25 3K B AR A, B0 43
fiff S I 1 i — 25 R AT o R M Y R T AT T 2
48 RR AR E NH, 19 3F — 25 404k 5 53 4h ClO, 4 ik ™= )
N Lk
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S P 2N MR AN OO R s AT A S L T ELRE
R K AP 2 THT JIT R R B9 NH R 2 A ik IS Y

N 4 FroR , B 58 AN [F] & T 9 8 A AL 4T AP 43
fiff 3¢ B0 LR I S ) A AL M BB L S (U A5 0 i T B AN TS £k
AERFAR, M Loy M At B4R T, EARZ M,
(1.0 1) I A9 4 16 P B8 Je o AR 5%, d5e v v] AR IR HTD

W 3L 1 150 °C o 3 U2 A O BT 4 4% 19 ZnO HoA B/
R B BE R, DR T A BRI 26 7F R ZnO g (1 0 1) T
B WSO AR TR b TR
oy A8 Bk 3§ B2 S i O Ff (8] 99 DA T 52 B AP 9 1 38
orfik e DG, o SO A PR R R R A S (10 1) T Y P
454 ZnO A B B B4 A AL RIOR ©

a4 RERAIE IR A 0 5 5 R SR AP RO i R R AR AR

Table 4 Preparation method of zinc oxide with different crystal planes exposed and its catalytic effect in AP thermal decomposi-

tion reaction

zinc oxide catalysts with .
. preparation method
different crystal planes

effect on thermal decomposition properties of AP ref.

ZnO nanosheets with
(2-1-10) planes

calcination method

ZnO hollow microspheres

with (0 0 1)planes

one-step wet

chemical method

ZnO micro nanocrystals chemical bath

with (000 1) planes deposition method

ZnO nanoparticles with sonochemical

(101) planes calcination method

ZnO microparticles with direct pyrolysis

(101) planes method

the HTD temperature of AP is decreased by 121 °C,the decomposition heat is in-

creased by 550 J-g™',and the activation energy E, is decreased by 13.5 kJ-mol™ 149
the HTD temperature of AP is decreased by 101 °C,and the activation energy E, is [50]
decreased from (150+14) kJ-mol™' to 63.7 kJ-mol™

the activation energy E, is decreased from (154.0+13.9) kJ-mol™ to [51]
(63.3+3.7) kJ-mol™" at most

the HTD temperature of AP is decreased by 120 °C,and the total decomposition [52]
heat is increased from 590 J-g™' to 1215 J-g™"

the HTD temperature of AP is decreased by 154.3 °C,and the decomposition heat (53]

is 3.87 times of pure AP

Ak B I 3 B A T A R R T 1T R T A 4
T T A 00 AR B A AR S e A AR RIAS (] 4t T
FLA AT 1 S HE 2 FZS 48, 10 AN (7] 5 B 57 BR 85 AT
DA CAR 36 P O A7 B2 A RE VAS A R oA DL &
HL 7 (L 5 25 . E AP 23 ik A5 ek, %% 52 45 S i 1T %) 4 71
WA D5 AP 3 il 5 b ™ Az i v (8] ) B AH 45 4 12
SRS F B 5 AL OF i — 20 AP 43 i, R
o AL TR o DRI T DA A R e 1 4R DA
P& T HA A MERE

R BN 4 0] LU Y, 2 5 A (5] T A9 i 1k )
BT T AP B A TE P AN RE R IR AR HT D e Uik
5% LRE , JF HLAEAS B R, X R R E
TMOs AT, 7776 — B 1l A5 R 30 o O 5 1
PEEE 5 1 U Co, O, 1 (1 1 0)fi .Cu,O (1 0 0)Tfi .Fe,O,
BT 1 0) I AR ZnO A (1 0 1)1 o 32 PR Ay 3k 2 1 )
FAE S 5 A7 10 5 22 09 BB SIS R 07 A, BE A IR B O 5
S22 SO R B o AR S A R B AR ACR
DRIt 3 2o 5 T FRR) 3 A A 700 2 1 245 4 6 1l 2 R R A i
THT A AEE AR BEAS AT 1 X 1 b S LA S A e AL M i

2 EAFIREERIAES T AP 5%
A ) B A A T 1 T P 7 A R BB OG . T
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B B B G 2 R R TMOs 449K 4 8 1
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B Rk AR OB TR) ) R BEE ) RE A A T DL T B Y DR
AN NGNS R SR R = I R (BB R A
AL A T A R S R T 4 T8 W RR 22 18]G B[R] AR
FRAE 35 AT LA 1 — 2500k H - 245 g TR o /e W A 5 i
A5 A0 KB RLTE H A Ak 45 450 35 3% B 1 D B R

] A Ak ) b g TS AR B B B H Y 2 B s A
S, AR SO e TR] S B W R/ W AT S O B R Y
FENH LT R M T . IR AE R B B s A O i i A 4
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2R, il SCRI RORUES 22— WL, KRR sk, sk AL, XS ik

FNH, 19 43 i o B8 X F S g 3 58 5 1) 458K, [ 44 £ 5
TG G AR08 N B TS (R R I A e R
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B B AS AU AT LA TE MR S LB A 19 BE 9, 3 5 f o B
FE T Ak 2 o 1 A8 Ak, T L BB AR SRy W BRI 1 A3 4, 3
Ao SN TR ) R B /e W, R B G i S ST A5 G ) B8
B, (A5 O il S 58 4
21 % EEUYREEERZMm

Jiang &V i Ak S UUNE-E A R A W A T
CuO, AR IRBE AL, ks T AE7E S A G A8 25 {37
FIE 58 5T 210 25 Bl di A S B, DRI T 6T AP 383 fif R B0 1
EmilEte. WK e R Hh LTD MIHTD 43l fa T &
B, H HTD MR 46 J3 fifk i 3 R I 3 3 [ IR 1 3.2 °C
80.6 °C; 73 4b, F MG AL E,FEAL 79.2 k) - mol ™, /R
AR S i Akt B

3130 C

EXO

2 | AP+CuO,,

2 3416 °C

z

= | AP+CuO

©

g o
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temperature / °C
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6 Zli APFICuO.CuO, 5 APIRAFHI TG 5 DSC gk o

Sang 45 i 1 A5 g R e AR TRLABL R ok i & TR R
Hi(CuFe,O,) , Jrifil # 1 Bk B4 Jy 2 A BUA FLZ5 A, B
A AR 7 L 2 AR R I AR B 22 0 2 Cu/Fe BEJR L
1: 2 B X F AP A ARG PR fe A, WAl AP 9 HT D e LR
fi£100.1 °C. Dong %l 7 M MLl 4 T CuB 241l
a-Fe,O,, WK 7 it , B8 il 4% () Cu-Fe,O, EL AT f &1 Y
Ak TE M (A3 AP 1Y e 28 4y R R BE AR 121 °C .
a-Fe,O, TR A AT /S HARTE A | K 14 B s RN A A v
A1 5 2 THT L AT 12 R R DR AL TG s L AME Fe, O, fifii
H, Cu 45 B F B Fe " it — 2D 18 i A 25 A FLHC At b A
SR 3 2o A e AL S T ORI A AP B

Shi %V 3 K A LT G S R b R
Cu-WO,, Z ¥ EL X AP $453 fif 3 B i W 25 09 i A6 7%
P BEFEAR HTD W3R 71 °C, 53 4, £ WLIG 1L B E, BT
118.02 kJ-mol™, S A1 656 J-g™'c H AT

100 -

80 -
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8
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g —— AP+Cu0
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" —
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temperature / °C

Fig.6 TG and DSC curves of pure AP and CuO, CuO,  mixed with AP*"

266
AP+4%Fe,0,(Zn”) {
AP+4%Fe,0,(Cu™) {
N
- 345
2 280
5 [AP4%FeO, !
©
£ 208 393
pure AP |
466
100 200 300 400 500
temperature / °C
a. TG
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>
L
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£
=
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3 | AP+4%Fe,0, 245
457
pure AP 245
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temperature / °C
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7 4 AP I Cu.Zn#B 44 a-Fe,0, 5 APIRAJG M TG 5 DSC il 2k '
Fig.7 TG and DSC curves of pure AP and Cu, Zn doped a-Fe,O, mixed with AP***
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B 1 4R 25 7 B Cu-WO, 25 b W B % 7 A il -5 X
Xf, o il 5 HCIO, [ I A i A ik 9 Al 3k
I — 25 A NH, 2 3 AP A%, Li 250758 1 — 2
TR A v T A T N EB i Bl B 3 M R A B 1 42 B Co A
KAKL (DAC/Co) & 45 b KL, [ B 52 B8 &5 44 £ 15 M Al
R, 45 KB, AP/DAC/Co-20 B A MR %
Bk B K IR R, AL A AP A HTD 43 fife 6 T8 [ 1%
135.3 °C, R FEMR 2 (2647+12) ). g7, HIGALAE E,
FEAR %2 130.7 kJ-mol ™,

TE AP (143 fif 1 T vh ) NH, 76 AP 2 T 19 A1 2 2 411
il AP # o3 fife 1) OC R DR 3R, AR 2% 1 R NH, AR M B R
B84 A W I E N SOR 5 PRI o BB TR R NH 14 44 b
R F AP A i A R BEAE . b LR ZS A1 (V,)
Sy AR 3R 14 2R TR B AT LA S B% B T R A6 a5 W B NH,
A TR, N HESH AP A R F sk kAT .
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PR 5, LB T NH, B b B B, B4,
Vi 38 AT L Bl A5 A Ak 700 (9 H 1 45 F O 4 e i R

LS 55 (1 B2 TH B A Ik ClO, B NH, Y i T 56 55
[Fi] i s B A2 2 O 1 1 1 2 1, 1 — 254 8 NH, R4k
LT AP 1 5> fif P BE

P 5PN T B BB A Bk AR Ak AL )
XF T AP (A AV 52 e, G e 7 3% T 7 1 A b R 3R
B HE GE AP R R A R 8 L T R X T HT D i I %
fIsE w5 oy 3 . i NH, 84L& HTD f i i 7
R RE LT,V EES NH, B% 44, g
ClO, 4 = £ O B, iF — 2 il NH, & 4k, &
Sk 22 AT AL RE B REAC DL B BRI B 4R T T AR
ALY &, 7R R RO A 23 2 A% T i AU
B LA E R I P AR S A o PR OR K ik KT
E 1 T LA SO A R RS L AR L A 1B A
Xf T TR L 8 BURE O BT AR W R E T B
FIE £ B4 LIEIK TMOs 1K £ 1Y &0 23 10 i BE , ™
Az T 220 VR AL 05T i — 20 B A I R 5 DR AT L
it 45 2% S BB A A SR B o 4 R R i B 6 R P
[F) 2800 i — 20 48 v S I A%

5 A BB YRR B AL I R0 Y R A 5 1 BTE AP R A3 A ST R AL SROR

Table 5

mance in AP thermal decomposition reaction

Preparation method of iron, cobalt, and copper oxide catalysts containing surface defects and their catalytic perfor-

iron, cobalt, cop-
per oxide catalysts preparation method

with surface defects

effect on thermal decomposition properties of AP ref.

chemical precipitation-

the initial decomposition temperature and peak temperature of HTD are reduced by

CuO [61]
b vacuum sintering method 13.2 °C and 80.6 °C,and activation energy E, is decreased by 79.2 kJ-mol™
sol gel, low temperature .
CuFe,O, S the HTD temperature of AP is decreased by 100.1 °C [62]
calcination method
Cu-Fe,O, solvothermal method 4% Cu-Fe,O, makes the final decomposition temperature of AP decreased by 121 °C [63]
the HTD temperature of AP is decreased by 71 °C,activation energy E, is decreased
Cu-WO, hydrothermal method B - o B [66]
by 118.02 kJ-mol™',and the decomposition heat is increased by 656 J-g
one-step high temperature  the HTD temperature of AP is decreased by 135.3 °C,decomposition heat is in-
DAC/Co [67]

decomposition method

creased by (2647+12) J-g™',and activation energy E, is decreased to 130.7 kJ-mol™

2.2 HRUAYRERETM

W U AR FHULUE L 4 T Agl-ZnO & & 4 K
R, KB 0.3% 1 Agl i A4 E L i Ak P Al e £ B
1 BEAR HTD W3R 130.8 °C ;45 2= (8 15 4 ek v 40 e o
JEThE B IR R A . RS
ZnO XF T AP R 53 fif 52 17 9 i AL T 1 S XUAE R
PR F R & T /B 2% ZnO 4L F (N-ZnO) . 5l
A ZnO Hl N-ZnO J& AP ) HTD i J& 4> 5 B Ik T
132 °CCHI 141 °C, i I ZE 911 J.g " M1 1253 J-g 7',
HLTD FIHTD 1§ 4.
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Zheng %57 38 o W Ak S L &S T — S
N-ZnO, & Bl N-ZnO W il A 15 LTD W 5 HTD i &
A H STk 2] 4% B, $ar 6 R R 163 °C,
T ALAE E 44K 84.71 kJ-mol™, Zr i k8 1325 J-g7'
ZnO g & H N gL BUR O 5t 7T RL 4 /N HL 7 Bt 34
AR S LRI ARG o B BE AT DL A R AT A L R RS
B (R HE AP IR . 53 A BNV R R 2
R BT N-ZnO, & LA 4B 24 & AP 43 fif i1k
T M BN 0% B R R a Sk 3% B b M B A
g AR, AANE S LTD FIHTD W& 4, i B A HTD
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2 ORI B RGES , 22— L, KR BRI, sk, ] A ik

IR R R 133 °CL AR N 912 J-g7'. Juan 85177 R
FHAR SR B e G T A B 22 19 ZnO/Ag W K 5 G M
BE, & PR IB % 1R RERE AP Y SO 15 PR fE A 3 1R
Fh s BN 4% T Ag 1A BEAS AU A5 AP () LTD Al
HTD IR E S, H HTD IR & &K 163 °C.

MR 1 5 B B AP 1 LTD i #& s A
NH, 2] ClO, 1 BT 1 #% ; H b &% A5 24 19 TMOss
PR AT 2 L S X AP 43 fige 0 v e AR 3 P L X R A B
F B B vT LUAE Sy 0T Bk BR A A 0 T T N NH, B
) ClO,, WTTINEE LTD 3 ## ; 53 b, A5 4% ] L= A= i
5 g AL 5 IE 0 i HCIO,, Jin i HCIO, 43 fiff 2t 72 v 1
HLF 568, iE— L4 T AP I8 20 il 1 6B .

6 B2 T & 3 BB 0 EE SAAR W Ak R X T

AP B AL AR RIS i, 5 vl 55 2 T ke B 19 B 484 0 M 1k
FIXE T AP 20 4 LTD 1 HT D it 2 15 28 9 H3 00 S 1 it
ke, UG LTD FIHTD W &4, 1 H HTD 1§ iR
B — A B DL Lo DLAR B 2% o AR 3R 09 3% 1 Bk Bg (0
TMOs 94 K B4 KE 2 B P AY 2 S (ks Pk | il A5 L A
o B A ERIE R B EDRBE R . T IE A BRI
B Re A ROEFE ClO, R B A B A R T AP
O3 o AEHTD o F2 v, i A6 50 S 4 v 0B 9 & g
FTHEELGHEBENH, L, £ N LTD M HTD I HE A
DL R s B 38 . R Bk, 3 kA O oK TR Y
PE B8 fH 15 TMOs i 6 57 i AU 48 J% Bk B 3 o 3
T, 3E gk 4 I B4 A R B8 0 TE DA T 1 AP (1 #R
I3 o

R6 T A BRI BB S AR B0 R A 7 vk BTE AP B i SR TR A i TR OR

Table 6 Preparation method of zinc oxide catalyst containing surface defects and its catalytic performance in AP thermal de-

composition reaction

zinc oxide catalyst

. preparation method effect on thermal decomposition properties of AP ref.
with surface defects
Agl-ZnO precipitation method the HTD temperature of AP is decreased by 130.8 °C at most [68]
the HTD temperature of AP is decreased by 141 °C,and the decomposition heat is
N-ZnO solvothermal method ) B [69]
increased to 1253 J-g
4% additive amount makes the HTD temperature of AP decreased by 163 °C,acti-
N-ZnO wet chemical method vation energy E_ is decreased by 84.71 kJ-mol™,and the decomposition heat is in- [70]
creased to 1325 J-g™"
N-ZnO one-step combustion the peaks of LTD and HTD coincide,the HTD temperature of AP is decreased by (71]
-Zn
method 133 °C,and the decomposition heat is increased by 912 J-g™'
. the peaks of LTD and HTD coincide,and the HTD temperature of AP is decreased
N-ZnO/Ag deflagration method [72]

by 163 °C at most

i A 7] S5 [ 2 T8 A b ) 2 DAY B B AL S, A0
& B B | % T B AR L X b BB A LR S A
AN [) 1) 4 B Ak 27 M T, AS AT D4 48 3 4 s
P& T R W B RE g, I RE 5 IR IR RN Y 3 1k
A, R G BE R o SR B B 0 1Y R
PRI A PR AL 72 5 0 Ak R i Ak T BB
W, A B R A Al ) I T B X B B A AT
fiff 4

FE A R A RE T 5 BB 23 03 A0S b R Y L 4
A, B R R 4 ) BEAR AR B . AR L AR AL R
1) 4% S - 45 2% 145 23 A 850 g 45 1 D 3 2o el A8 44 0 2
FCE B F1 28 A7 R A48 HE 2 1 10 47 BOR i fof 19 55 8%
BT AL R BTG R AR AP o ik o R A AR
14 2% T 6 B 0T LW B O 3 Ak R v DA R 49 A0 4]
25 50 i B T LA B NH, LU 2R BB T LS HCIO,
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AT TIO, R, fH T Sny oo #8 r J #8 1 5t 1 40, 5t
VT 235 4 19 AT 355 725 A A A A 1 0 P 67 0 g, 2 —
B TR

Luo Z553 DLk #-18 k 4b BRYE ] 45 T Fe,0,-Co,0,
BAMEL, E 8 B iZ M EHH L T 46 Fe,O, . Co,0,
X AP B fige 3 B 00 R B A AR AT S ZE TSN 2% Y 1F
TR T HTD 0§ 3R 156 °C, % WL i 1L fi £ & =
114.43 kJ-mol™. Fe,O, %] i % B 7 Co,O, 4 K #
0, B NS % RLE , Co,0, Fl Fe,O, 2 ] (1 K 4f-
i) VE FH 3G 5 1 M A R RE T, R BRI S A M Ak
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Table 7 Preparation method of iron, cobalt, copper, and zinc oxide based composite catalysts containing interface effects and

their catalytic performance in AP thermal decomposition reaction

iron, cobalt, copper, zinc
oxide based composite cata- preparation method

lysts with interface effects

effect on thermal decomposition properties of AP ref.

hydrothermal-annealing
Fe,0,-Co,0,

the HTD temperature of AP is decreased by 156 °C,and the activation

[83]

method energy E_ is decreased to 114.43 kJ-mol™
. the HTD temperature of AP is decreased by 140.7 °C,and the activa-
Co0,0,/TiO, hydrothermal method ) ) . [84]
tion energy E_ is decreased by 73.8 kJ-mol
the HTD temperature of AP is decreased by 26.4 °C,and the decompo-
Fe,O,/AP solvent-non-solvent method i o B [85]
sition heat is increased by 202 J-g
one-step solution combustion the HTD temperature of AP is decreased by 187.7 °C,and the activa-
La,0,C0,/Co,0, . . B B [86]
method tion energy E, is decreased form 371.6 kJ-mol™ to 140.6 kJ-mol
. the burning rate is 32.4 mm-s~' under the pressure of 7.0x10° Pa,
Fe,O,@AP solvent evaporation method o o ] ) [87]
’ which is 8.3 mm-s™" higher than mechanically mixed Fe,O,-AP
intermittent spraying-dryin the HTD temperature of AP is decreased by 92 °C,and the decomposi-
CUO@AP e praying-drying ' ‘ -P B Y p [88]
mixing method tion heat is increased by 1066.1 J-g
o o 4% of ZnO/AP makes the HTD temperature of AP decreased by
ZnO, Co,0,, Fe,0,/AP liquid deposition method [89]

126 °C at most,and the decomposition heat is increased by 525 J-g™'
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Progress in the Influence of Surface and Interface Effects of Metal Oxide Catalysts on the Thermal
Decomposition Performance of AP

LI Si-heng, QU Wen-gang, ZHAO Feng-qi, JIANG Yi-fan, ZHANG Zhen, ZHANG Ming, ZHANG Jian-kan, LIU He-xin
(National Key Laboratory of Energetic Materials, Xi' an Modern Chemistry Research Institute , Xi' an 710065, China)

Abstract: Ammonium perchlorate (AP) is an important oxidant in solid propellants, and its thermal decomposition performance
directly affects the combustion characteristics of solid propellants. The use of combustion catalysts can lower the decomposition
temperature and increase the decomposition rate of AP. Different methods for microstructure control of nano-combustion cata-
lysts for AP thermal decomposition were studied and summarized. The effects of microstructure control methods such as crystal
planes, defects, and composite interfaces on the catalytic activity and catalytic mechanism of combustion catalysts for AP ther-
mal decomposition reaction were analyzed. Besides, the characteristics of catalysts that can achieve optimal catalytic perfor-
mance were explored. The results indicate that the catalytic activity of nanometal oxide combustion catalysts can be improved by
adjusting the exposed crystal faces, element doping and constructing a composite interface structure. Among them, transition
metal oxide nano-catalysts can enhance catalytic activity by exposing designated crystal planes, and element doping enhances
catalytic activity by generating defects, while constructing a composite interface structure utilizes interface effects to regulate the
activity of catalytic sites, thereby enhancing catalytic activity. Transition metal oxide nano-catalysts showed good catalytic activi-
ty in improving the thermal decomposition performance of AP.

Key words: nanomaterials;combustion catalyst;microscopic structure;ammonium perchlorate;reaction mechanism
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