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Experimental Study on Hypergolic Characteristics of Imidazolium

Dicyanamide Ionic Liquids in White Fuming Nitric Acid
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Abstract: In this paper, the hypergolic process of five imidazolium dicyanamide type ionic liquids
in white fuming nitric acid is studied with a drop test bench at normal temperature and pressure,
and we have analyzed the effect of chemical structure of cation and droplet collision speed on the
hypergolic characteristics of imidazolium dicyanamide ionic liquids. The result shows that the

hypergolic process of 1-allyl-3-methyl-imidazolium dicyanamide ([ AMIM ][ DCA]), 1l-ethyl-3-
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(LEMIM ][ DCA D and
dicyanamide ([ BMIM J[DCAT]) consists of three stages, i. e. the contact, mixing and diffusion of

methyl-imidazolium  dicyanamide 1-butyl-3-methyl-imidazolium
droplets with WENA, the reaction exothermic and microexplosion stage, and the temperature
rise and the hypergolic ignition stage; The hypergolic performance of 1-hexyl-3-methyl-
imidazolium dicyanamide ([ HMIM] [DCA]) and 1l-octyl-3-methyl-imidazolium dicyanamide
(LOMIM][DCA]) is poorer, and the microexplosion phenomenon is no longer obvious. At the
same collision speed, the microexplosion delay time and ignition delay time increase with the
length of the side chain in the cation; when the viscosity is similar, the unsaturation degree in the
side chain increases, and the microexplosion and ignition delay time would be shortened. For the
same ionic liquid, the microexplosion delay time and ignition delay time would decrease gradually
with the increase of the collision speed. There is a linear positive correlation between the
microexplosion delay time and ignition delay time. The Pearson correlation coefficients of the
microexplosion delay time and ignition delay time of the three ionic liquids ([ AMIM ][ DCA ],
[EMIM][DCAJand[ BMIM ][ DCAT) are 0. 991 6, 0.970 4 and 0. 974 1 respectively. The shorter

the microexplosion delay time, the shorter the ignition delay time.

Keywords: ionic liquid; white fuming nitric acid; hypergolic characteristic; microexplosion delay
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Fig. 1 Diagram of drop experimental setup
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Table 1 Chemical structures and physical properties of five kinds of ionic liquids
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Table 2 Calculation results of droplet collision velocities
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Fig. 3 The collision velocities of the droplet in contact with

the oxidizer liquid
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dicyanamide HILs at different collision velocities
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Table 3 Micro-explosion delay time and ignition delay time

at different impact velocities

WA/ MORER K IER

BTk | N
(me+s™ ) WA /ms  BF[A] /ms
1. 32 25.33 47.73
1.67 19. 60 33.93
[AMIM ][ DCA]
1. 88 17. 33 31. 27
2.08 16.73 27.53
1. 32 26. 20 57.93
1. 67 19. 93 50. 33
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1. 88 17. 80 46. 80
2.08 17. 00 42. 47
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