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Effect of MIC Material (Fe2O3/Al) on Thermal Decomposition of AP
ZHANG Zhen-wei, WANG Rui-hao, WANG Xin, LI Rui-en, LUO Yu-xin, TAN Cao
(Sichuan Co-Innovation Center for New Energetic Materials, Southwest University of Science and

Technology, Mianyang, 621010)

Abstract: In order to improve the thermal decomposition performance of ammonium perchlorate (AP), MIC material
(Wrea03 © wa=3 @ 1) was synthesized with AP by sol-gel method. The morphology was characterized by SEM, XRD and FT-IR
spectroscopy, meanwhile, the catalytic performance of MIC material (Fe2O3/Al) on the thermal decomposition of AP was studied
by DSC. The results show that MIC (Fe>O3/Al) particles compound on the surface of AP, and most of the particle size is nanoscale.
Compared with the raw material AP, the low temperature decomposition peak of MIC material (Fe;O3/Al) is coincided with the
high temperature decomposition peak of AP, so that only one decomposition peak appears in the thermal decomposition process of
AP, indicating that the composite MIC material (Fe;O3/Al) has an obvious catalytic effect on the thermal decomposition of AP,
and the apparent heat release of composite samples is more concentrated. Compared with the high temperature decomposition
peak temperature of raw material AP, the decomposition peak temperature of composite samples with 5%, 10%, 15% and 20%
MIC materials (Fe;O3/Al) is decreased by 65.7 °C, 75.9 °C, 78 °C and 79.7 °C, respectively.

Key words: Ammonium perchlorate; Catalyst; Thermal decomposition; Composite; Fe,O;3

AR (AP ) EFAHER RPN R ZE I SEUHR RS, PRSP RYR b RE4
W2 —, HPOHE RO R R aifoikbe AR, AR IER, SRR AR AR ER . (]
WP EE SN, AR AP AR R ok, TIIARBEIERETETTR) ( RIERBEHEALR] ) LAREAR
75 AP JEF ARG EREA B 2 e AR . H AT T BRI AR A 5 T
W, 4l AP BT MR AGS , 2 MM RIEAREEOR. AR, (B A0 B R R AT X AR

i HER: 2021-11-22
TEZE Y KREM (1999-) , B, FEEm-HIea, WS REr RN E & S ETFT.,

)




2022 4F 06 & T

A 45

AP W RS R EEREIE, HXT AP 4-f i e
FREEANS o MHIA AR RS B A A5 AR S 711
EEY(MIC)H T4 G B i 4a ks, Al K
PR R, A BT RS S REM R 20
PRI T REAT RN PRH SO B T AR A
LM, T RHRFEAR AP JMARILEE , fdf AP Z3f A
B,

P ICBEE B AT 28 A5 AR AN g A
AR5 A AR O ES A — S 4 i i R il 4 MIC
BAMIEZ —, HAPREHGIECh MIC 1580
Ptz — . FIASCA MIC BB (wreao3: was3 0 1)
YEMEARTR SR P I B i i) 28 AN W] LL 491 1) AP/
MIC EARAL, BFFTHXT AP #VM AR o

1 S
1.1 S

gk, Al 49Kk (100nm), Tk,
AR TABRA] ; AR (FexOs ), Ry BREL
(AP), HENLE (CHO ), AKEEMD (FeCly:
6H.0 ), AR, BRI TR

S-4700 AUAHHLFRHBE, HAS Hitachi 22w
STA449F1 Jupiter [FIZEH T, f5[E Netzsch 23] 5
KS-5200D M Eas, MARIMAR g A PR A H
1.2 PREEFEEMEIRIHI &

WIRAAET, FREL0.475g AP F10.063g FeCls-
6H0 THebrHr, A 7mLH.O, FEIIA 0.006g 44K
Al; RGN A Ve TP s 2min, 132G
AR R BN OmL RREINSE, Bidk
W5 e s — B A B o BB BEIETE-60°C 251 T
BRI, B985 AP/MIC 4K A S REREL

2 HR55%h

2.1 SEMFRAEX 7 HT
KA B8 (SEM ) X MIC #4 8

(FeOv/Al ). J5BL AP LUK AP/MIC E-EFEN i T3

fiE, @i 1 s,

2 pm

(e) AP/MIC-10% (B3R K)

&1 MIC. AP\ AP/MIC-10% SEM [
Fig.1 MIC, AP\ AP/MIC-10% SEM figure

HE 1 (a) ~ (b) A[UL: MIC #%} SEM 2
BTHIRIE, FIRIRH Fe0s BERALE Al Pokith
B, HRMIEAURRIR, (715 FeO HEIT 540K Al ik
Z A B R K, HLAT USRI gk AL ok A
Adk, HICER21FT iR —E

ST 1 () KE 1 (d) ~ (e) AIUL: H FeOs
BERALAE AL BURIF R/ N — BT SR AA 25 AR b ff
HAE AP Fifi, HIHER TR/ NEAR BRI
R BEEREIE—R P Ak AURI AR, 42
LR
2.2 XRD FRAER S HT

N TR SRR ARG FISE AR, Xt AP/
MIC-10%. Fe;0s. Al i#17 XRD FAE, X $FL&AH
FEmE 2 iR

F 2 AT FE 2078 15.26°, 19.22°, 22.64°
23.85°,24.21°,24.61°,27.40°, 30.05°, 30.72° . 38.37°,
40.97°, 54.23°4b34 B s , 3 38.37°0 ALY
T, 24.21°, 40.97°, 54.23°K Fe03 HATHTIE,
HA 5 JCPDS RAFHAI- LB, ¥k AP AT
UEIATER Arid B AP HREURZER, WA LS



46 KB4 . MIC BEF Fe,05/Al X AP 1A MBEZIaAF ST 2022 4E5E 3 3
AN, ST — S MEALAER. T MIC FHRHR TG T AP 19
" R R A R AR ML LA 5. AP/MIC &
AP IGIRS fe  iiRae E Ay, HU B 1 A
T ! | ‘ ’;‘203 PG, AR IR, R X 1A
Tl U 5 Hi TG Mizk—2, RITIMA MIC MRHTHRE AP
N . SRR . B APMIC HIRSRMRIEIREE MIC
RV RS BERRITTTAEAE , Mok 2000, Biik4

2 AP/MIC-10%. Fe,0;. Al. AP XRD iZ[E
Fig.2 XRD patterns of pure AP/MIC-10 %, Fe;Os, Al and AP

2.3 LISNRIER SR
NEERE S XRD AREIZE S, X AP/MIC-10%
HHTLIAMERS (FT-IR ) EAE, RAPSRAE 3 iR,

A

Wm———ﬁm FexO3

Al

AP
AP/MIC-10%

/%

e
o
N

1000 2000 3000 4000
WU em!
3 Fe0, Al AP, AP/MIC-10%£IMIEitE]
Fig3 FT-IR spectra of Fe;Os, Al, AP, AP/MIC-10 %

& 3 B SCHR[15-19]7] A1, 436 eme! b Ayl
“} FexOs H Fe-O AU , 1 402 cmr' 3 131 cm!
i AP H N-H S ezl ; 1573 cm™, 1723 cm!
735172 FeOOH 125 iR shmiiés A OH /5 hiikzh
WU s 3295 et 3 469 em! AR A R IFR LR
FEAEW IS ; 3 686 cm! A HoO 1 O-H stz sh il
W, FIE AT IR AP/MIC-10 Y%bEih E A0,
2.4 DSC FRIER S

HFGE MIC ML (FeOs/Al) Xif AP #Mfifk i)
fevERE, RMZE 4G (DSC) 435i%t AP,
MIC. APMIC ¥ TRAE, FRARLERANE 4 ~ 5 fr
Ro HIE 4 (a) AT 4l AP MRS N 3 AR
TE 247°CI AP BBl R S s Jr s 7EARIR
IIROTEINT, AP JTURTR T 0, ARRGER Y 2
TR B R R BERS, AP Ao, i K
ot RIS IBERSE 2509 MIC ARHEBE T 2 4
S, 58 4 (b) F APMIC &4 HGRIH
NEERAR L, MIC MRHARIR BT (538.8°C)
PRETT 50°CA A, KW AP BVMIRT ARG I MR

PRV 2 326.2°C, IR FIR AR il i L o

A 31209C 4059°C

658.1°C AP
247.0°C 53M
MIC
5 APMIC-5%
7ar7c/\00

e - AP/MIC-10%
550.6°C A327.9°C

//\ APMIC-15%

52 2oC N326.2°C

//\____————ﬁ APIMIC-20%
249.4°C L \

1 1
200 300 400 500 600 700 800
7/°C
(a) AP, MIC, RFE]Hf4g) APMIC 440

PG /(mW-mg™)

4 608.7°C
~ AP/MIC-5%
g o AP/MIC-10%
= AP/MIC-15%
E |
5=

. . . . AP/MIC-20%
200 300 400 500 600 700 800

7/°C
(b) RE suts] AP/MIC A£5 o 648457
4 AP, MIC. AP/MIC & DSC Hi%%
Fig4 DSC curves of AP\ MIC and AP/MIC samples

100 —AP
— AP/MIC-5%

801 — AP/MIC-10%
2 —AP/MIC-15%
® 60T — AP/MIC-20%
5[5
IE 40 |
B

20 !

o e
100 200 300 400 500 600 700 800
7/°C

5 AP FIREIELBIAY AP/MIC FERAT TG Bhzk
Fig.5 TG curves of AP and AP/MIC samples in different
proportions

AP FIA[E FL AR AP/MIC #: 5 B 2 W 2
1R, HFE 1 A[J. AP/MIC E-AFHRIIFEMT
Pupdal AP A7 RS, B MIC Bk S hn
MRS, 455K 4 (a) 1 MIC #RFS X AP/MIC
AR A R IR AR AT AL, 24 MIC MRS
N 20%00F, FEARFRNT AP BMRHE LA A% bR
fH. ZER751E AP/MIC EAMRH LB RCR



2022 4F 06 Kk T

(=)

5 47

4 10%K7) MIC #R i e .
F= 1 AP FITEIELFIEY AP/MIC HERFRHEAEXTEL

Tab.1 Comparison of apparent heat release between AP and
AP/MIC samples with different proportions

TGRSR SR FHCHR
AT/ °C IR/ °C /J-g™h)
AP 3129 405.9 721.9
AP/MIC-5% 340.2 1256
AP/MIC-10% 330.0 1186
AP/MIC-15% 3279 1073
AP/MIC-20% 326.2 1088

2.5 MBS

4l AP MRV FESr 3 AR AP B
PR AR | ARG BT SR AT B
2.5.1 shAlsE R AR

240 ~ 250°CH}, AP HARIR ARy dl AL AT b 2R
RIS R, I R IR G R0
2.5.2 ARBARREMNEL

350°CHT, AP B§f#IE i NH; Al HC104 A K —2E
Hraly, sk (1) BRI BAEREIE A T
O¥JFFH3 A, faift AP SRR, I N s vt
115 ZONJE T AL SO,

NH,C10, IR

2.5.3 iR

350 ~ 460°Cly AP H SRR ENT B, BB
NRAAE AP R, AP B 5EEIE AL NH; Fl HCIO4;
BEE IR AR TR, NH e, [R)iF AP #3iAL,
AMUAESHFFATE HClO4 B4k NH; (95287, i B
FESERANR M Dt & EH AP 0 fal f . NHs
HCIO4 K FLRAR =PI E AL SOV IR, A3k
dieE . TERR MR BGE K UV A2 HCIP, 4
X (2) ~ (3) Pws,

HCIO4+NH;3 (1)

NHLCIO,—THRIEL |y 0 aNH;  (2)
HCI0, I | o140, (3)

SR PV I B I 125 4 AP/MIC(FeO5/AD S 5 1)
J&i » MIC(FexO/ AV EPE BUAI R IKII & 7E AP KIHTE
R RS, #i15 AP REARMHE . hTFEEM
MIC(FexO5/ AR RHE & 72 AP Z1HT, Ff LA F2 2%t
AP ()RR BORFEMEAE R . MIC(Fe05/ A
H 48 B 7RI S NHs . HHIRI =9 HNO JE K

BCOied, Hiss H-O 8, (AL WRL, Ml
I ; [RIEER 7 MIC(FexO5/ AWV AP [IREFR:
FEISON, IR TSI AP (ARSI A S s
JERYs TR A AR, AR R
R, FRETEEFOREZ, MIC E64815 AP [1]
ORI, DT SR ER (AP ) i it
WA R MR AP

3 Z5ip

(1)SEM Z55E3H] Fe03 BEL 540K Al ki
B RIREEFE AP R, LRI ZARRRIR, fff AP
5 MIC BRI ARG, g o2,
X AP AT AICRAT B &R T

(2) ZEa bR . EARCR R,
AIHIIA 10 %MIC #EEN R fERC . DSC 25584 5]
HARR AP 1Y 2 Mg S, g, H
THIEIEARRT 2 330.0°C; MIC(FeOs/ADFHEH ) 4:
J&E T2 AP SR YIE AL, 55 H-O
i, RIS MIC AR AP B =4I S0, N
TG AP S N, IR BHEAAER

(3) BEE AR MIC AR, X AP [
RRABAEARWE TR, AR 20% 204 iR 4% R
1H-

P

(1] 0L, Bt R, B A, 55 LTI ST AP 5 RDX Al
HMX RS ARG K2R, 2007(05): 57-61,88.

[2] et R oA IR R A A R SR BRI it
AEAAE FHL] K247, 2006(01): 48-51.

[31 Ye P,Lu Y W, Xu P F, et al. Preparation of CoFe;O4 C
nano-composites and their catalytic performance for the
thermal decomposition of ammonium perchlorate[J]. Chinese
Journal of Explosives & Propellants, 2019(4):358-362.

[4] SG Hosseini, R Ahmadi, A Ghavi, et al. Synthesis and

characterization of a-Fe;Osmesoporous using SBA-15 silica as



48 TR EASE: MIC BA} Fe,0s5/Al Xt AP #5525

2022 4F5 3 1

[13]

template and investigation of its catalytic activity for thermal
decomposition of ammonium perchlorate particles[J]. Powder
Technology, 2015(278): 316-322.

Zhenye MA and Fengsheng LI, Huaping BAIL Effect of Fe;O3
in FexO3/AP composite particles on thermal decomposition of
AP and on burning rate of the composite propellant[J]. Propell-
ants,Explosives, Pyrotechnics, 2006,31(6): 447-451.

Chen L, Li L, Li G,et al. Synthesis of CuO nanorods and their
catalytic activity in the thermal decomposition of ammonium
perchlorate[J].Journal of Alloys and Compounds,2008, 464(1-2):
532-536.

i TSRS, B 1] SC 5 40K MnsOs B A AT S
Xt AP IO ERERIRLIRLI]. S REAAAEL, 2018, 26(12): 1025-1
030.

Tillotson T M, Hrubesh L W, Simpson R L, et al. Sol-gel
processing of energetic materials[J]. Journal of Non-Crystalline
Solids, 1998(225): 358-363.

Gash A, Satcher J, Simpson R, et al. Nanostructured energetic
matreials with sol-gel chemistry[R]. Lawrence Livermore
National Lab., 2003.

Tillotson T M, Gash A E, Simpson R L, et al. Nanostructured
energetic materials using sol-gel methodologies[J]. Journal of
Non-Crystalline Solids, 2001, 285(1-3): 338-345.

Barbee Jr T W, Gash A E, Satcher Jr J H, et al. Nanotech-
nology based environmentally robust primers[R]. Lawrence
Livermore National Lab., 2003.

TR, SR G AR A TR AFeOs RERHGH
PERERREIRILI].JCHEZG51, 2012, 35(3): 11-14.

Grier D, McCarthy G. North Dakota State University, Fargo,

(21]

North Dakota, USA[J]. ICDD Powder Diffraction Data.
Pattern, 1991(43-1 007).

ZaJi X, XK, 5. FexO5/CNTs KAk Tl 6 S Hoxt
AP PO ERER AT EAKEHFER,2008(1): 65- 68,78.
Jeli, 2 Y 28 A A - 6 FexO AL RIS 4F
B KKEZ525417,2010, 33(3): 1-4.

PINE 22 ARG ISR AP/AL M2 I LT M Gg S
PO [T A S 7T, 2008(1): 75-79.

FA e, Iy, X A S IR i s AR B 5 e
#} RDX/Fe:0s[J] A iR, 2014, 37(2): 228-232.

s, KSR, B, S I - BRI ] % RDX/Fe20s-
ALOs PRE S EREMRIIL) AT, 2014, 41(7): 8-9,7.
Lo, TR 5. AL AP IAOMFRER IR ].
B KSR, 2016, 39(3): 383-387.

Galwey A K, Jacobs P W M. The thermal decomposition of
ammonium perchlorate at low temperatures[J]. Proceedings of
the Royal Society of London. Series A. Mathematical and
Physical Sciences, 1960, 254(1 279): 455-469.

Gao K, Li G, Luo Y, et al. Preparation and characterization of
the AP/Al/Fe;O; ternary nano-thermites[J]. Journal of Thermal
Analysis and Calorimetry, 2014, 118(1): 43-49.

Maycock J N, Vemeker V R P, Rouch Jr L. Influence of
growth parameters on the reactivity of ammonium perchlo-
rate[J].Inorganic and Nuclear Chemistry Letters,1968,4(2):
119-123.

Boldyrev V V.Thermal decomposition of ammonium perchlo-
rate[J]. Thermochimica Acta, 2006, 443(1): 1-36.

it AR T 500K FeaOs ATl B0 o SR e
ORI EREL] L2741, 2003(10): 795-798.



	1  实验
	3  结论

