
www.energetic-materials.org.cn含能材料Chinese Journal of Energetic Materials，Vol.26, No.9 , 2018（744-748）

张正中，邓重清，李吉祯，刘晓军，唐秋凡

LIU Zheng，ZHAO Su. Progress on study of carbon nanotubes
reinforced composites［J］. Aerospace Materials & Technology，
2005，35（1）：1-5.

［17］ Kim P，Shi L，Majumdar A，et al. Thermal transport measure⁃
ments of individual multi walled nanotubes［J］. Physical Re⁃
view Letters，2001，87（21）：1-4.

［18］ Berber S，Kwon Y K，Tománek D. Unusually high thermal con⁃
ductivity of carbon nanotubes［J］. Physical Review Letters，
2000，84（20）：4613-4616.

［19］ 范锦鹏，赵大庆 . 多壁碳纳米管/氧化铝复合材料的制备及增韧

机理研究［J］. 纳米技术与精密工程，2004，2（3）：182-186.
FAN Jin⁃peng，ZHAO Da⁃qing. Preparation of MWNTs⁃Al2O3

ceramics composite［J］. Nanotechnology and Precision Engi⁃
neering，2004，2（3）：182-186.

［20］ 唐汉玲，曾燮榕，熊信柏，等 .短切碳纤维含量对 Csf/SiC复合材

料力学性能的影响［J］. 硅酸盐学报，2007，35（8）：1057-1061.
TANG Han⁃ling，ZENG Xie⁃rong，XIONG Xin⁃bo，et al. Effect
of short carbon fiber content on the mechanical properties of
composite Csf /SiC［J］. Journal of the Chinese Ceramic Society，
2007，35（8）：1057-1061.

Effects of Carbon Nanotubes（CNTs）on the Combustion and Mechanical Properties of AP/CMDB Propellant

ZHANG Zheng⁃zhong，DENG Chong⁃qing，LI Ji⁃zhen，LIU Xiao⁃jun，TANG Qiu⁃fan
（Xi′an Modern Chemistry Research Institute，Xi′an 710065，China）

Abstract：To improve the combustion and mechanical properties of ammonium perchlorate（AP）/composite modified double
base（CMDB）propellant prepared by the solvent⁃extrusion method，the effects of carbon nanotubes（CNTs）on the thermal de⁃
composition performances of the main components of AP/CMDB propellant and the microstructure of AP/CMDB propellant were
studied by differential scanning calorimetry（DSC） and scanning electronic microscope（SEM）. The burning rate and impact
strength of AP/CMDB propellants with CNTs of mass fraction as 0.1%，0.3% and 0.5% were tested. Results show that CNTs can
effectively catalyze the thermal decomposition of AP，and make the low temperature decomposition peak of AP disappear，and
the peak temperature of high temperature decomposition of AP shift 39.9 ℃ downwards，but it has little effect on the thermal de⁃
composition of double base components NC and NG. CNTs can improve the microstructure of AP/CMDB propellant. There are
no obvious micro cracks in the AP/CMDB propellant with the addition of 0.5% CNTs. CNTs can effectively improve the combus⁃
tion and mechanical properties of AP /CMDB propellant. With increasing the content of CNTs the burning rate increases，the
pressure exponent decreases，and the impact strength increases of the propellant. For AP/CMDB propellant with 0.5% CNTs，the
burning rate at 10 MPa is 61.19 mm·s-1 ，the pressure exponent between 10 MPa and 22 MPa is 0.51 and the impact strength is
5.55 kJ·m-2 at -40 ℃.
Key words：carbon nanotubes（CNTs）；ammonium perchlorate/composite modified double base（AP/CMDB）propellant；burning
rate；pressure exponent；impact strength
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《含能材料》“损伤与点火”专栏征稿

含能材料的损伤特征与点火过程有密切的联系，炸药、推进剂的内部损伤及其对力学特性、安全特性和点火行为的

影响规律受到了含能材料学界的高度重视，为推动这一重要研究方向的学术交流，本刊特设立“损伤与点火”专栏。专栏

主要征集炸药、推进剂等含能材料的损伤观测与多尺度表征技术、含损伤的本构方程、准静态与动态损伤演化规律、损伤

与破坏的宏（细）观模式、损伤对起爆、爆炸、爆轰成长以及非冲击起爆行为的影响等方向的原创性研究论文。来稿请注

明“损伤与点火”专栏。
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