460 BB, A B,

XEHE:1006-9941(2021)05-0460-11

ERENLYFEAMBELSSBREAIBHNTARER
FH4, TRW, 5 B

(MBI AFEEITREFK, LT WHE 110159)

OB SR R B T A A T S A R [ SRS R R — 2 TR B . MR AL d
FE A WS AT AT ENTRA 25 FhtRr B B, 058 Y BE A A1 B L A HL R0 BR Y L TR RS AR T L I S 0 S S TR i
TEAEAC OISR AR T2 B o AU T — & R A A &8 ALY B 2 & TR S AL A0 0 08 g 4 A Wy U e~ S 1A R
A SR B IR AR P BIE ST BRAR , R T AL LR AN R i AL AIOR 1 R 0 M A i PR J AL AL W T R R R SR 5 B D
TR RE SRR, I8 1 R, AR LA T T A2 5 X T N B3, 2505 5 B MK, 2R OK RE T, I8 4 RE BN AR BRIy o A T 0 F
4 S AR A 0 3 e MR L BRI, 7R B AR P S A T ] IR T A 0 B R 1 T 14 ) A B RE 2 DA O v T B BR AT, A
M £ 5 < R A AL I ALY BE . R IRR R G R ALY R G A R SR AR W), S A X R SR B 1) IE DR R AR SR o T R ARl
i E /N 2 FLANRAE P AL G B A 1B 2R A A A W A B R G AR R RATS JE AATT SR B A R R DA e SRR e O Y
e RS A A RE L P-N 45 G Jm S AL ) 2 S A A Bk A B R 30 T 7 T A 5 A PN BT [ 43 B ML, AT B A £ v AL AR
MBI

KB - PR s R AL T AR AR 5 A5 S

FESES: 0614; TQ56 XEIRERL: A DOI:10.11943/CJEM2020279

) alE ALY SRR T ST Dbl A
A 2% JT R O T R AR A DR A DR IR A A 52
Kk HAT&m Ay SRR A R — g m AL
Y 2 aamA Y Bha R A M E e A
(Aa 7/ LARL LB sEi B NS G = L 5 o7 Ol b Y L g o 2
YAk AP SR I3 fift ) B B F 7S 2 I R AT 2304, OF & I
ALY T R ARAE S 5 f BE X AP B AL R A1 R}
T3 BT, AR R B4 i 5 1) S bt 4 AR B 2%

1 315§

SRR B (AP) HL AT & Uit iy S AL AE Ty 56 A1 2 it
7 AR D A R A S A SR T Iz R
A {5 S 412 o R 0 00 LE o AP G MR S RE (1) B K
L R A O A R PR R TR T AR M, O T R R A
A ) PR 9 R U R W ) SRRk — P R B
B AL AR BE A BE L A FH A A RIR 42 2 AP A5 fifk A
AEE I i AR ik . BT AP ELT 2 S ESUWELESAMBNSSRED
FEA AR R AR CAn AR B R 4 iy
TEHL 4R BT Cu ), NiCu & &) s 4 8 A fL

Py SR b R A (L5 M B-VIE A 1 B, I BIE LR IE
et P 4 R A ) s A LR R AL G W (g BERR Eh
TR R AT ) AL BRI (2,4- 0
DK e S R A R, R T e e L O R 2

s B H#I: 2020-10-24; f&E HHI: 2021-01-05
™ 4% H AR B #A . 2021-01-27

S JE A SRR RS SR AR AR, BT
GER AN B IR T B I BT AL A B A A
sl Al i O T — SR RE BRI B BT
PR Aty e T PR A AR 5 il L T — R
2T, die I LAY 23 B O S 5 AR S A R
Bt i B WM AR A S W E R N A TR S IR 2
6] ) REHE R Bt o 2 S 07 SR AN [, alof 4 s S Ak

3 F

&b
He
AR
AN

EZE®B v B AL (1970-), 5, W1, #o42 , T B 8L Be AR 1%
6 HL U B AL N AF5E o e-mail : shuhongba@163.com Y12 SR A B3 o8 PELRT N R R 2 P AR R AR
SIRAARS WAL, A B 1 B G m AW F S BRI Ak SR B AR 53 M 1 B ST U e )], & e BEORL,2021,29(5):460-470.

BA Shu-hong, CAI Si-yu, FENG Lu. Review on Thermal Decomposition of Ammonium Perchlorate Catalyzed by Metal Oxide Semiconductor Materials[J]. Chinese

Journal of Energetic Materials( Hanneng Cailiao),2021,29(5):460-470.

Chinese Journal of Energetic Materials, Vol.29, No.5, 2021 (460—470)

Sttt

www.energetic-materials.org.cn



2 JB AR W o 5 R ORE R T i SR B B 0 il B BT O E T

461

FEAS SO N BRE RS - Sl . &R AL
P21 S (AR 0 T2 T L O B 6 R H 2
PR AR, 2 Jm A AL R A B P SR IT R A
A HAR S T TR A W R TP A AT
T LB T S T s N
21 PESEESUYESEMBOBULUR

H T, 588 2 B0 AP ALY P B 4 )8 A Ak
SR # B A CuO . Cu,0.NiO Nd,O, . La,0, % , L)%k
A 8 B, /IR Sy 7 1 AL R T 58 55 1 AR B L i fl sk
UL 1, L AR A TR E, 9 800 R JE T SCik [10]
[ 11 ] materialsproject. 545 &',

R PG JE ALY AR R X v SR e 1) A AR SR
Table 1

tor materials on ammonium perchlorate

Catalytic effects of P-type metal oxide semiconduc-

add particle AT,

catalytic materials . E/ev
amounts /% size/nm  /°C
10 93[13J .
nano particles NiO 2 3.7010]
20 65014]
globular morphology La,0, 5 30-35 71050 2 86l10)
spherical Nd,O, 0.89 50 ggliel 2ol
Cu/CuO film 5 6817
1100 90! 18] :
microspheres Cu,0 2 2.02010]
100-200 116!
2 10 1041201
ball-like CuO 1.401
10 40 1270211
nano particles Mn,O, 2 14 1271221 0.84112)
microspheres Co,0, 2 10-30 117123
0.9
porous Co,0, nanocubes 2 25 207124

Note: AT, is the thermal decomposition temperature reduction of ammonium

perchlorate at high temperature , E, is band gap.
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Table 2 Catalytic effects of common N-type metal oxide semiconductor materials on ammonium perchlorate

catalytic materials add amounts / % particle size / nm AT,/ C E,/ev
mesoporous MnO, 2 57123 0.25111
Spherical Fe,O, 2 10-20 81126 0.401]
1 40 67027
ball-like a-Fe,O, )
5 20 6128 2.34011
cube Fe,O, 2.5 45 5629
ultra-long V,0O4 nanowires 5 50-200 88130 2.49010]
tower rod ZnO 3 >500 13201 3.35010]
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Table 3 Catalytic effects of composite metal oxide semiconductor
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materials on ammonium perchlorate

catalytic materials add amounts / % particle size / nm AT,/ C E, / eV
3 10 145M42]
spherical NdCoO, 2 113041 0.142012
2 39.26 128144
loose and porous LaCoO, 2 60 134145 0.97812
spherical MnCo,0, 2 35-60 112046 0.984!12
mesoporous ZnCo,O, rods 4 20-30 110147 1.128112
spherical LaMnO, 2 10-15 9844l 1127012
2 60 67148 1.4012]
spherical CuCr,O,
5 30-55 8404 1.40121
spherical NiFe,O, 10 5 9010 1.42102)
loose and porous LaFeO, 2 50 67143 1.436112
three-dimensional porous CoFe,O, 5 40 661 1.551012
loose and porous LaNiO, 2 30 64145 1.9112)
spherical CuFe,O, 2 200 62132 2.55012)

4 BEEREUVFSAEMBNETIREN
B

T FE o M 4 T A A W B e R LR L —
Tl S5 75 i il 2 AE 4 S AL R S TR LR IE R
1 A Sk 5 R A 2 BT ) SR S 2% o E 4 LA A HEL T P BB
T, BV o A 1B 2k s WAL R R R R AR W
JE A ALY B HE AL PR RE 48 2% & 8 S AL W F IR R
HEALROR L3 4

ME ARG HE N, BIRERENZJ5, AP &l 7>
fige Ak J3E 3R AR W B8 0K, e v T 163 °C, AL 1 1 4
B o BARHEALROCR A 9 R RO B 2R T R AL T

Chinese Journal of Energetic Materials, Vol.29, No.5, 2021 (460—470)

ARAB 21 4 8 A AL AT BRI T 5 22 A A S o ik
B, fil

1 HCIO, 18 7% 4 i A AL W~ 5 1A 2 T 3 Jin %%
SRR EZ T IR AR A2 O
B, [ NH, A A AL RE D B O 8 1 BT 4 Ak
7

BB ZnO, P2 N BB A LR Y 4 J8 B W] LA
o7 08 <5 Jim 0 1A AT B 22 A I LA R R R A
58 Ay i AL S I JRUSON AR B T 2R P . B R RAB O
P> S A RE Y AN W7 1 B, 76 HE AL AP T THT 20 K5 310 5
B )RR B SR TR
Sttt

www.energetic-materials.org.cn



2 JB AR W o 5 R ORE R T i SR B B 0 il B BT O E T

463

R4 BRGIEAAY PR R R e Y R

Table 4 Catalytic effect of doped metal oxide semiconduc-

tor materials on ammonium perchlorate

=5 TG R A ALY X SR e AL ACR
Table 5 Catalysis effect of supported metal oxide on ammo-

nium perchlorate

catalytic materials doping particle size AT,/ C

amount/ % /nm

2.6 40-50 1630
nitrogen-doped ZnO 1.25 20-30 1336

3 200 142056)
nitrogen-doped ZnO/Ag 4 15 163057
N-Ce codoped ZnO 3 30 110058
La doped ZnO 1 44.82 105 159
Pr doped CeO, 1 4 70!60]
Ce doped NiFe,O, 0.09 30-60 5glotl
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add add
catalyst materials amount ATw cataly.st amount ATw

/% / materials /% /
ZnO/CB - 137'%2lICoFe,0,/RGO 5 1141731
MnO,/CNTs 2 160%%17n0O - 121062
TiO,/CNTs 10 5364 IMnO,+CNTs 2 143163
NiO/CNTs 2 8871 ||TiO, 10 32064
Co,0,/CNTs 2 153[63)INiO 2 4gles!
CuO/CNTs 1 115!¢)1Co,0, 2 11865
CuO/MXene 2 81071 |- - -
ZnCo,0,/MXene 2 78681 ICuO 2 80167
CuO/g-C,N, 2 106!¢°)ZnCo,0, 2 72168
Fe,O,/graphene 1 531700 lcuO 2 85169
Ni/Fe,O,/graphene 1 481701 |IFe,0, 1 38170l
Fe,O,/graphene oxide 1 591700 IMn,0, 5 71071
Mn,0,/graphene 5 14217 IMnCo,0,, 1 70172
MnCo,0, ;/RGO 1 106!72)|CoFe,0, 5 9573
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Fig.1 Thermal decomposition process of ammonium perchlorate catalyzed by P-type and N-type metal oxide semiconductor

materials

E,—acceptor level, E,—donor level, E.—fermi level, E.—conduction band, E,—valence band
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Fig.2 Schematic diagram of the energy levels of P-type and

weak N-type

N-type semiconductor materials
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Review on Thermal Decomposition of Ammonium Perchlorate Catalyzed by Metal Oxide Semiconductor
Materials

BA Shu-hong, CAI Si-yu, FENG Lu
(School of Equipment Engineering , Shenyang Ligong University , Shenyang 110159, China)

Abstract: Metal oxide is a type of ionic compound in which metal cations and oxygen anions are arranged into different crystal
structures through ionic bond. The d-shells of some metal oxides are not completely filled wtih various unique properties, such
as wide band gap, high dielectric constant, active electron transfer ability and excellent conductivity, etc. So they are widely
used in the catalytic field. The current research status of thermal decomposition of ammonium perchlorate catalyzed by four dif-
ferent types of metal oxide semiconductor materials, such as single metal oxide, composite metal oxide, doped metal oxide,
and supported metal oxide were introduced, the catalytic mechanism and factors affecting the catalytic effect were discussed.
For the P-type metal oxide semiconductor materials, the narrower the band gap , the lower the Fermi energy level, the higher
the escape energy, and the greater the catalytic effect. For the N-type metal oxide semiconductor materials, the wider the band
gap., the higher the Fermi energy level, the lower the escape energy, and the better the catalytic effect. In order to make full use
of the advantages and overcome the defects of metal oxides, impurity elements are often introduced into metal oxides to form
ionic lattice defects and create new local impurity energy levels to change the electronic transition, so as to improve the catalytic
performance of metal oxides. Whether composite metal oxide or supported metal oxide, there is a positive synergistic catalytic ef-
fect on AP. The development of porous nanotube P-type metal oxides, doped metal oxides, and supported metal oxide materials
with small band gap is still a major concern. Exploring the core-shell composite materials based on ammonium perchlorate, P-N
junction metal oxide semiconductor catalytic materials, and revealing the migration law of carriers between the two kinds of
semiconductors P-N interface are expected to be a new way to improve the catalytic efficiency.

Key words: ammonium perchlorate;metal oxide semiconductor material; catalyst;band gap
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