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Table 1 Chemical structures and physical properties of the eight ionic liquids(I.L.s)
. . physical properties
No. chemical formula cation structure =
plg -+ cm™ pn/mPa - s AH;/k) - mol T4(onset) /°C
+-CH
AN
ILL.1 CyH B, N, HiC \—/ 0.9260 19 42.18 240
Ay s
N N
L2 CoHa0B,N, H3C/\/\ \__J 0.9131 22 15.97 230
Hoes/ N Nyt
I.L.3 CyH,¢B,N, A 0.9348 17 167.25 181
— CHs
Ng
I.L.4 CyH,sB,N, \ 0.9339 22 93.88 261
= CHs
I.L.5 C, HyeB, N, <\ N 0.9195 27 66.36 243
i_> ek
I.L.6 CioH15B,N, N AN 0.9412 10 219.80 267
NN
. CH,
L7 CyHy B, N, N\CH3 0. 8859 25 -120.32 245
—CH
A
I.L.8 CioH, BNy AN 0.9011 14 29.11 166
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Fig.2 Droplet test phenomena of I. L. 8 reacted with WFNA (a—f were captured by V611 camera and g—i were captured by V1 camera)
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Fig.3 Droplet test phenomena of I. L. 8 reacted with RFNA(a-d were captured by V611 camera and e~ were captured by V1 camera)
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Fig.5 Change in flame area of I.L.2, I.L.5 and I. L. 7 which

have the same butyl side chain reacted vs WFNA vs. time
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Fig. 6 Droplet test phenomena of I.L.4, I.L.5 and I. L. 6 which

have the same pyridine heterocyclic core reacted with WFNA
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Fig. 9 Change in IDT of 8 newly synthesized [BH,(CN)BH,(CN) ]~
based I. L. s reacted vs. WFNA with heat of formation
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Experimental Study of Hypergolic Process of lonic Liquids with BH,(CN)BH,(CN) "~ Anion

WENG Xin-yan', DU Zong-gang’, YU Jun’, TONG Shang-qing', Ll Jian-ling’, ZHANG Qing-hua*, TANG Cheng-long',
HUANG Zuo-hua'

(1. School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China; 2. Xi'an Aerospace Propulsion Institute, Xi'an 710100, China;
3. School of Power and Energy, Northwestern Polytechnical University, Xi'an 710072, China; 4. Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract. The reactions of 8 newly synthesized ionic liquids containing BH,(CN)BH,(CN) ™ anion, (I.L.1~ 1.L.8), with white
fuming nitric acid (WFNA) and red fuming nitric acid (RFNA ) respectively were tested by using the long focus microscope-high
speed photography technique and droplet method test device, respectively. Results show that each test achieves stable hypergolic
reaction and two different flame development processes were observed. Specifically, after the contact of I. L. 8 with WFNA | the
microexplosion is occurred and hypergolic ignition is occurred in a short time, while after the contact of I. L. 8 with RFNA the
aplashing of secondary droplet is occurred. Due to the effect of Leiden Frost effect, the foam like droplets after reaction is reboun-
ded and a short combustion reaction is appeared, the hypergolic ignition is occurred after a long time. For the ionic liquid with
same heterocyclic core, the ignition delay time of the ionic liquid containing the allyl group on the side chain is the shortest, fol-
lowed by the ionic liquid containing ethyl, while the ignition delay time of the ionic liquid containing butyl and WFNA is the lon-
gest. For the ionic liquid with the same side chain, the ignition delay time of the ionic liquid containing the pyridine heterocyclic
ring is the longest, followed by the imidazole heterocyclic ionic liquid, and the ignition delay time of the ionic liquid containing
tetrahydropyrrole reacted with WFNA is the longest. The higher the enthalpy of formation is, the shorter the ignition delay time is.
Key words: hypergolic ignition; ionic liquids; ignition delay; white fuming nitric acid (WFNA) ; red fuming nitric acid (RFNA)
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