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x1 Flﬂ%ﬁ%ﬁﬂﬁiﬂﬂﬁi&%ﬂ@ﬂth(¢=1.8) F=CFC*r.n (6)
Table 1 Formula of nanothermites based propellant (¢=1.8) ‘
with different binder content L, = GC (7)

sample NC nAl nCuO sample PVDF nAl nCuO

/mg /mg /mg /mg /mg /mg
17 0.0 28.8 71.2 7% 5.0 25.3 69.7
2* 2.5 28.1 69.4 gt 10.0  26.6  63.4
3* 5.0 27.4  67.6 9 15.0  28.0 57.0
4% 10.0  25.9 64.1 10* 20.0  29.3 50.7
5* 15.0  24.5 60.5 11* 25.0  30.6  44.4
6" 20.0 23.0 57.0
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Chemical Equilibrium and Application ( NASA-
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‘% (Infinite-area combustion chamber, ICA) 5 3 X 44
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Table 2 Thermophysical properties of binders
bind ¢ | standard heat of combustion heat densi 5 lvent
nder ormula formation/kj A mo|4 /J . gf} ensny/g «Ccm solvents
NC!2! C,,H300,,(ONO, ) 4, -727.2 10066.7 1.65 ethanol/ether(3 : 1)
PVDF!2¢! (—CH,—CF,—), -375.62 14900.0 1.77 N, N-dimethylformamide
£3  Al/CuO 255 2Al+3CUO—AL O, (1) +3Cu(l, g) (11)
Table 3 Thermophysical properties of nanothermites 3.1 FE&EBLEEXT Al/CuO HEFHERERIES M
density heat of gas adiabatic A I L 0] TESE TR FAGRI Y s b A B .- M JHC JA
reactants /g - em™? ;eacti?wn produﬁion reaction %‘fﬁﬁ‘éi’%f)@o (;b B,(J ‘H‘%:—(HE @% 0.6 @J 3.0 , .H,%:%%
)-8 /g8 temperature/K - " ~
Al/CuO'?) 5,10 4073.7 0.34 2843 W 3 s P 3 R, Al/CuO [y difERC Iy 0.9,
Al/Cu, 0] 5 28 2405.6  0.08 2843 b F T A BB et 1, =722.6 mo- s RAE
C" =1126.6 m - s, 4 ¢$<0.9 W}, HLRESBBEE o
=4 CEA B 50 ) 1 T B , AE HE K E  L BR SR, B K H A
Table 4 CEA calculation conditions 0.9% . 4 $>0.9 uF, k%G & BN SERESHOT IR T
W, b=3.0 I I, {¢J 585.5 m » s~ i A Ho 1l i 51
temperature half P
of propellant p./MPa A./A(  divergence p,/Pa 18.9% ., MRIWVIKZR RIS 2B (p<1.0) SRR T LN
/K angle/(°) . e & = X s y
AL 58 42 SO o BE A B B i R BN, CRR B AR I A
298.15 6.87 1.0 0 1.01325x10°

2A1+3(—CH,—CF,—) ,—3H,(g) +AlF,(g) +6C (8)
2Al+30,+43(—CH,—CF,—) ,—3H,0(g) +

A|ZO3(1)+2A|F3(g)+6C (9)
C24H3OO10<ONOZ)10_’10C02(g) +14CO(8) +
9H,(g) +5N,(g) +6H,0(g) (10)
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The propulsion performances of nanothermites
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Micropropulsion Characteristics of Nanothermites Prepared by Electrospray

RU Cheng-bo, WANG Fei, XU Jian-bing, DAI Ji, SHEN Yun, YE Ying-hua, ZHU Peng, SHEN Rui-qi
( School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Nanothermites can be used as the propellant of MEMS-based microthrusters. Addition of energetic binder can enhance the pro-
pulsion performance of nanothermite. In this work, nitrocellulose(NC) and polyvinylidene fluoride(PVDF) were chosen as the binder,
and the mixtures were prepared by electrospray mixing process. Based on both Chemical Equilibrium and Application (CEA) software
calculation and experiments, the influences of fuel/oxide equilibrium ratio (¢) and the content of binding agents on propulsion perform-
ance were systematically studied, while the results were compared with propulsion performance of the mechanically mixed nanother-
mites. Results show that nanoparticles were more uniformly dispersed in the electrospray mixed nanothermite than the mechanically mix-
ing case. The calculated optimum ¢ of Al/CuO was 0.9, while the optimal tested ¢ was 1.8. Specific impulse of the mixture reaches
250.2 m - s, by increase of 8.0% for 2.5% NC in comparison with the binder-free Al/CuO. The addition of PVDF reduces the tested
specific impulse. The decomposition products of binder separate nanoparticles and increase the characteristic mass transport length of the
condensed phase reaction, leading to a distinctly increase in combustion duration, from 2.9 ms to 87.8 ms.

Key words: nanothermites; solid propellant microthrusters; specific impulse; electrospray; energetic binder
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