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Fig.1 TG-DTG curves for six burning rate catalysts/P(BAMO/AMMO)
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Table 1 TG-DTG data of different samples
sample T./°C T,/C T,/C
P(BAMO/AMMO) 237.3 259.8 409.0
P(BAMO/AMMO) +CuO 236.3 258.6 407.6
P(BAMO/AMMO) +Fe, O, 233.0 259.8 409.0
P(BAMO/AMMO) +CB 229.0 260.0 408.1
P(BAMO/AMMO) +PbCO, 213.1  256.6 409.3
P(BAMO/AMMO) +Bi, O, 236.3 258.5 407.8
P(BAMO/AMMO) + (NH,),Cr, O, 235.5 258.1 406.6

Note: T;is initial decomposition temperature, T, is the first peak temperature
of TG-DTG curve, T, is the second peak temperature of TG-DTG

curve.
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Table 2 DSC data of different samples

sample T,/°C AH/K) - g™
P(BAMO/AMMO) 260.8 1.12
P(BAMO/AMMO) +CuO 259.9 1.17
P(BAMO/AMMO) +Fe, O, 261.1 1.21
P(BAMO/AMMO) +CB 261.4 0.99
P(BAMO/AMMO) +PbCO, 261.3 1.22
P(BAMO/AMMO) +Bi, O, 261.7 1.07
P(BAMO/AMMO) + (NH,),Cr,0,  259.2 1.18

Note: Tp is peak temperature of DSC curve,AH is heat of decomposition of

sample.

H13% 2 AT, P(BAMO/AMMO) & AU AL Y %
WA B AH Ry 1,12 k) - g™ R A A 50 9 i A %o
B WAL 1 R W0 i G i A [\], Hodh CuO (Fe, O, |
PbCO, .(NH,),Cr,O, By i A fif B (0 H K (1) 2= W 53 %
Py 7 0.05, 0.09, 0.10, 0.06 kJ - g™, fif
CB Bi, O, (4 i AU fef 75 8 20 2k AT 1) 3% 00 4 fie A0 20> o
B RUHE AT 2 WL il RGBS, AR 22, R Rl 5 50 1 32
— 2 O A AR Y B B 22, DR I O R ORGSR A

A fe A oH 2014 % %22 % H5H (641-645)



644

EN, B2, B

I3t . LA %, CuO Fe, O, .PbCO,  (NH,),Cr, O,
4 TR E AL N BB A & fL P(BAMO/AMMO) & K
FEA I . Z5G Z AT TG Z5 5L n] 1,6 Bk o
&394 i 15 P (BAMO/AMMO ) 1Y & 46 71 fif iR B2 42
Hif , 22 H A CB (Bi, O, iy fin Afff P(BAMO/AMMO)
Hh S LR T 3RO 4 R FA 2 TR I, CuO [ Fe, O,
PbCO, . (NH,), Cr, O, Jy Lt % B A8 ) P ( BAMO/
AMMO ) K45 7] 1 498 2 A6 711

4 % ®

IE S Hras R %KW, CuO Fe, O, CB,PbCO,
Bi,O, .(NH, ), Cr, 0,6 Fiifi fk %I # {#i 1% P ( BAMO/
AMMO) 162 46 43 fift it B2 $2 17, CB L PbCO, 19 finl A 2
IR 3 2 K, 3 W] 3 L A A A R R X P (BAMOY/
AMMO ) Kl & 71 1 #8532 3] T AL AERT . DSC 45
1 ,CuO .Fe,0, .PbCO, . (NH,),Cr,O, [yl A fii 15
P(BAMO/AMMO) 75 Rk 1A 1) & WL fife 24, 43 531l 34
BT 0.05,0.09, 0.10, 0.06 k) - g™, 7ii CB.Bi,O,
A P(BAMO/AMMO ) H & & K [ 1) 22 W 43
i A AR T B3 i SN I AT . BRI, 2R TG
5 DSC 255 0] 41, CuO .Fe, O, .PbCO, . (NH,),Cr,O,
HREA ROBAE L P(BAMO/AMMO ) K 45 71 1 #4473 it
TBCHA S

SE 0k

(1] BR3CE, JRHEEE, £, & SRR TRRMGNFRH#ERD)].
AR L, 2007 (2) : 1-5.
CHEN Zhi-xia, ZHENG Han-yong, WANG Shu-feng, et al.
Status and advance of azide energetic binders[ ) ]. Chemical
Defence On Ships,2007(2) . 1-5.

[2] Talawar M B, Sivabalan R, Mukundan T, et al. Environmentally

[

compatible next generation green energetic materials ( GEMs)
[J]. Journal of Hazardous Materials, 2009, 161 589-607.
Sun Y L, Li S F. The Effect of nitrate esters on the thermal

—
w
[

decomposition mechanism of GAP [ )]. Journal of Hazardous
Materials, 2008, 154 112-117.

[4] Oyumi Y. Thermal decomposition of AMMO /AP Composite pro-

[N

pellants[ ) ]. Propellants, Explosives, Pyrotechnics, 1993, 18:
168-172.

[5] Oyumi Y, Mitarai Y, Anan T. Mechanism of catalytic effects on

[

AMMO/HMX composite propellants combustion rates[)]. Pro-
pellants, Explosives, Pyrotechnics, 1993, 18. 195-200.
Bia%, THEH, §%. FRESWIMI. Jbat: EH 7 Tk
#t.2011: 180-185.

LUO Yun-jun, WANG Xiao-qing, GE Zhen. Energetic Polymers
[M]. Beijing: National Defence Industry Press, Beijing, 2011
180-185.

[7] Mulage K S, Mishra A K, et al. Effect of ballistic modifiers on the

burn rate of extruded composite propellant formulations based on

[6

[

Chinese Journal of Energetic Materials, Vol.22, No.5, 2014 (621-645)

thermoplastic elastomeric binder[)]. International Journal of Ener-
getic Materials and Chemical Propulsion, 2012, 11(4) . 375-388.

Piraino S, Kaste P, Snyder J, et al. Chemical and structural char-

—
e}
—

acterization of energetic thermoplastic elastomers: BAMO/AM-
MO Copolymers[ C] //35th International Annual Conference of
ICT, Karlsruhe: Institut Chemische Technologie, 2004.
Sanderson A J, Edwards W - W. Method for the synthesis of ener-
getic thermoplastic elastomers in non-halogenate solvents: US,
6997997 P], 2006.

Manser G E, Miller R S. Thermoplastic elastomers having alter-

—
el
[

[10

—

nate crystalline structure for as high energy binders: US,
5210153[P], 1993.

[11] Barbieri U, Keicher T, Polacco G. Homo- and copolymers of

[

3-tosyloxymethyl-3-methyl oxetane ( TMMO ) as precursors to
energetic azido polymers[J]. E-Polymers, 2009, 46. 1-11.

[12] Xu B P, Lillya C P, Chien ] C W. Spiro( benzoxasilole) cata-
lyzed polymerization of oxetane derivatives[ )]. Journal of Poly-
mer Science Part A; Polymer Chemistry, 1992, 30: 1899-1909.

[13] Zenin A A. Physics of combustion of new oxidizer/polymer mix-
tures[ R]. AD-A420008, 2003.

[14] Sell T, Vyazovkin S, Wight C A. Thermal decomposition kinetics
of PBAN-binder and composite solid rocket propellants [ ) ].
Combustion and Flame, 1999, 119. 174-181.

[15] Lee Y J, Kudva G, Litzinger T A. Thermal decomposition of
BAMO/AMMO copolymer[ R]. AIAA-2225, 1999.

[16] Lee Y J, Litzinger T A. Thermal decomposition of BAMO/AM-
MO with and without TiO, [ )]. Thermochimica Acta, 2002,
384, 121-135.

(171 RFEEE, BRAGE, LT, %. BAMO-AMMO #3471 B H 5 &

REALZ MAR L) ] . KHE 24224 2008, 31(3) :75-78.

SONG Xiu-duo, ZHAO Feng-qi, WANG Jiang-ning, et al. Ther-

mal behaviors of BAMO-AMMO and its compatibility with some

energetic materials[ J]. Chinese Journal of Explosives and Propel-

lants, 2008, 31(3): 75-78.

T, S UL, BRHHEAL ) LBC X GAP #i o 7 35 % 41 43 #4 #ft

TR )], BRKH AR, 2011, 34(4) :492 ~496.

GU Jian, WU Jing-han. Effect of lead-salt burning-rate catalyst

[18

—

LBC on thermal decomposition behaviors of key constituents of
GAP propellant[)]. Journal of Solid Rocket Technology, 2011,
34.492-496
[19] Oyumi Y, Inokami K, Yamazaki K, et al. Burning rate augmen-
tation of BAMO based propellants[ J]. Propellants, Explos, Pyro-
tech, 1994, 19, 180.
[20] 3K5l. BAMO-AMMO 7 iRl & 57 9 & i LR AE K b 52 [ D]
LT FEE T k2. 2011, 148-155.
ZHANG Chi. Synthesis, Characterization and application of
BAMO-AMMO energetic binder[ D]. Beijing: Beijing Institute of
Technology, 2011: 148-155.
[21] Liu L L, LiFS, Tan LH, et al. Effects of Ni, Cu, A1 and Ni-Cu
nanopowders on the thermal decomposition of ammonium per-
chlorate[ J ]. Propellants, Explosives, Pytechnics, 2004, 29(1):
34-38.
WRA ML, 2 RVE, XU, 45, 445Kk Cos Oy Il #r B HoXT s i
BRI R B fiE AL TERE ()], Mk 24, 2005, 20(12) 1073 -
1077.
CHEN Wei-fan, LI Feng-sheng, LIU Jian-xun, et al. Preparation

[22

—

of nanocrystalline Co, O, and its catalytic performance for ther-
mal decomposition of ammonium perchlorate[ )]. Chinese Jour-
nal of Catalysis, 2005, 20(12) . 1073-1077.

St

www. energetic-materials. org. cn



JLARH TR AR AL R X P(BAMO/AMMO) 5 BE K 13 5 #4000 fif 1 BE 19 3 1 645

Effect of Several Burning Rate Catalysts on the Thermal Decomposition Properties of P( BAMO /AMMO )
Energetic Binder

WANG Gang, GE Zhen, LUO Yun-jun
( School of Materials Science & Engineering , Beijing Institute of Technology, Beijing 100081, China)

Abstract: The effect of CuO, Fe,O,, carbon black (CB), PbCO,, Bi,O, and (NH,),Cr,O, on the thermal decomposition prop-
erties of P(BAMO/AMMO)) energetic binder was investigated by TG and DSC. Results show that the six burning rate catalysts
make the initial decomposition temperature of P ( BAMO/AMMO ) binder shift downwards and the exothermic decomposition
reaction of azide groups advance , and the exothermic decomposition reaction of binder is promoted, in which, CB and PbCO,
make the initial decomposition temperature of the binder shift 8.3 °C and 24.2 °C downwards at a heating rate of 10 °C - min™",
respectively. CuO, Fe, O,, PbCO, and (NH, ), Cr, O, make the apparent decomposition heat of azide groups in P ( BAMO/
AMMO) binder increase by 0.05, 0.09, 0.10 k] - g”' and 0.06 kJ - g™, respectively, whereas CB and Bi, O, make the apparent
decomposition heat of azide groups decrease.

Key words: material science; energetic binder; P(BAMO/AMMO) ; burning rate catalyst; thermal decomposition
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