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Preparation of a—Fe,0,/(IPDI-HTPB) Composite Nanoparticles and
Their Catalytic Performance

Wu, Yan'™ Pang, Aimin"” Hu, Lei” He, Gensheng” Zhang, Yingying“
Zhang, Lixiong®  Li, Minghai®®  Ma, Zhenye**
(“ College of Chemical and Material Science, Nanjing Normal University, Nanjing 210097)
(* Science and Technology on Aerospace Chemical Power Laboratory, Institute of Aerospace Chemotechnology,
Xiangyang 441003)
(¢ State Key Laboratory of Material-Oriented Chemical Engineering, Nanjing University of Technology, Nanjing 210009)

Abstract In ammonium perchlorate (AP) based composite propellants, a-Fe,O; nanoparticles and hydroxyl terminated
polybutadiene (HTPB) are commonly used as catalyst and binder respectively. Their properties and dispersion significantly
affect the combustion performance of the composite propellants. However, a-Fe,O; nanoparticles are hard to disperse uni-
formly in the binder HTPB owing to the high viscosity, which will decrease their catalytic activity. Directly composite pro-
cessing of a-Fe,O; nanoparticles with other main components of composite propellants may be an effective strategy to pre-
vent from aggregation without introducing other components to the solid propellant at the same time. In this paper, the
0-Fe,03/ (IPDI-HTPB) composite nanoparticles were prepared by choosing curing agent isophorone diisocyanate (IPDI) as
grafting bridge. The typical procedure was as follows: (1) The first step was to synthesize IPDI-HTPB. In order to adjudged
the reaction terminal point of IPDI and HTPB, the reaction kinetics of HTPB and IPDI were first researched and the proper
reaction conditions were chosen as follows: molar ratio of HTPB and IPDI is 1 : 1, reaction temperature is under 80 ‘C and
reaction time is 2 h. (2) The second step was to synthesize a-Fe,Os/(IPDI-HTPB) composite nanoparticles. Firstly, the stoi-
chiometric a-Fe,0; nanoparticles were dispersed in toluene under ultrasound for 10 min. Secondly, the mixture were added in
the above IPDI-HTPB solution and the reaction kept for 4 h. Thirdly, the a-Fe,O3/(IPDI-HTPB) composite nanoparticles
were centrifuged and washed with toluene and ether for several times. Finally, a-Fe,O3/(IPDI-HTPB) composite nanoparti-
cles were dried in the oven at 80 ‘C for 12 h. (3) The structure of a-Fe,Os/(IPDI-HTPB) composite nanoparticles were
characterized by X-ray diffractometer (XRD), transmittance electron microscopy (TEM), Fourier transform infrared spec-
trometer (FTIR) and thermogravimetric analysis (TGA). It was observed that HTPB could be chemically coated on the sur-
face of the a-Fe,0; nanoparticles by the grafting activity of IPDI. The depth of the IPDI-HTPB was nearly 5 nm. The
0-Fe,O3/(IPDI-HTPB) composite nanoparticles showed hydrophobicity after the composite process. Compare with the pure
0-Fe,05 nanoparticles, a-Fe,O3 nanoparticles in a-Fe,O5/IPDI-HTPB composite nanoparticles showed better catalytic activity
on the thermal decomposition of AP.
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Figure 1 The synthesis schematic of a-Fe,O3/(IPDI-HTPB) composite nanoparticles
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Figure 4 XRD patterns of (a) pure a-Fe,O; nanoparticles and (b) a-
Fe,O/(IPDI-HTPB) composite nanoparticles
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Figure 5 TEM images of (a) pure a-Fe,O; nanoparticles, (b) a-Fe,0s/
(IPDI-HTPB) composite nanoparticles and (c) enlarged detail of a-Fe,Os/
(IPDI-HTPB) composite nanoparticles
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Figure 6 FTIR spectra of (a) pure a-Fe,O; nanoparticles, (b) IPDI-
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(IPDI-HTPB) composite nanoparticles in H>O; (c) pure a-Fe,O3 nanoparticles
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FZK RN 2,056 22 VBT, P2W07E 80 CUEARh T4 12 h,
A3 R GNK a-Fe,05/(IPDI-HTPB) & &KL 1.

43 FTIEFER

BERTHIEIE 7 BUIR LR JEM2100CX (Jeol
HA)3g 5 L7 R (TEM)RAE, 8o, 5
ERTEHAEREE TGA209F3 7 (Netzsch fH[E)#
SIHTAUTGA) EEATIIE, FHREEH 10 °C/min, FHE
JEHEPA=ER~700 C, 5, E5kKFRIAIER
F AVATAR 360 (Nicolet 3 [E)f# HLIH-AZ# 2T 4 i X
(FTIR)/MT, KBr J& F, Il &1 Bl 400~4000 cm '; H4&
LT dn 45 /)R ] Bruker D8 Y(Bruker 72 [F)X 5 24
KATHEH(XRD) 70 #r, Cu #B Ka $H£8, FA31EH 20°~80°,
FHEEE 3 (°)/min, K 0.02°.
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