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Research progress on hypergolic ionic liquid

propellant with short ignition delay time
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Abstract; Hypergolic liquid propellant can not only simplify the design of liquid rocket engine, but also
realize multiple trouble-free ignitions and improve the operation safety of launch vehicles, which is one of
the research focuses in the field of aerospace propulsion technology. Reducing the ignition delay time of
hypergolic propellant can not only improve the reliability of start-up process of engine and the combustion
efficiency of propellant, but also avoid the accumulation of propellant in the combustion chamber, which
will cause excessive pressure peak or trigger violent oscillation combustion and explosion. Due to the
advantages of low vapor pressure, adjustable physicochemical properties and low toxicity, hypergolic ionic
liquids (HILs) are expected to compensate or replace hydrazine as the fuel of liquid propellant. Based on

the combustion performance of ignition delay time less than 5 ms, the synthesis and preparation methods
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of HILs and compounded system are reviewed. According to the requirements of hypergolic combustion

propulsion system, although the existing HILs or compounded system with short ignition delay have the

potential to become the future green hypergolic propellant fuel, there are some constraint problems such

as high viscosity, complex combustion products and low specific impulse.

Therefore, in order to

accelerate the application of HILs or compounded system in engineering, it is necessary to carry out

theoretical and experimental research on the aspects of performance improvement,

applicability, system matching, etc. .
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Tab.1 Physicochemical and combustion properties of HILs with short ignition delay time

ILs WE/C MRIRE/C /(g em ) FHE/(mPa - s) Y e T

WENA N,O0, N WAR7S
DCB-1 < -80 189 0.93 - 4.0 - TR T
BH,-1 < -60 93 0.90 113.8 2.0 - AERES
BH,-2 < -80 121 0.93 175.1 3.0 - Tk
CB-1 -71 247 0.98 35.0 4.0 - T T
BCBC-1 -33 240 0.93 19.0 4.3 - TR T
BCBC-2 -30 230 0.91 22.0 3.0 - TR Tk
BCBC-3 -26 181 0.93 17.0 2.4 - e T
BCBC4 -37 261 0.93 22.0 2.0 - T
BCBC-5 -32 243 0.92 27.0 2.3 - T
BCBC-6 -20 267 0.94 10.0 1.7 - T4
BCBC-7 -32 245 0.89 25.0 3.3 - TR Tk
BCBC-8 -22 166 0.90 14.0 2.1 - T
PB-1 -39 147 0.91 17.3 1.1 14.9 B
PB-2 -6 170 0.90 16.9 2.0 19.5 T
PB-3 < =70 185 0.94 47.7 1.0 421.1 T
PB4 < =70 63 0.98 54.6 3.1 351.9 T
PB-5 25 151 0.89 38.8 2.1 373.3 T E
CTB-1 < =70 233 1.12 7.1 1.4 - T B
CTB-2 < =70 228 1.15 7.4 3.2 - T
CTB-3 -8 193 1.09 9.8 3.9 - HERAERES
CTB4 < =70 175 1.17 9.3 2.6 - T
CTB-5 < -70 165 1.17 8.4 1.7 - T
B,H,,-1 236 247 1.16 - 4.0 - HE
B, H,,-1 201 260 1.06 - 1.0 2.0 e TR
B, H, -2 137 281 1.04 - 1.0 7.0 e e
B, H,,-3 97 265 1.01 - 1.0 3.0 T 1
B, H,4 88 173 1.08 - 1.0 2.0 T
B,,H,,-5 - 194 1.17 - 1.0 22.0 T E TR
B,,H,,-6 190 225 1.12 - 1.0 3.0 IRERES
B.H,-1 29 198 0.92 - 1.0 2.0 e e
B.H,-2 31 201 0.93 - 1.0 3.0 T
B.H,-3 3 201 0.92 - 1.0 15.0 T R
B,H,4 23 201 1.00 - 1.0 1.0 T E IR
B,H,-5 69 204 1.05 - 1.0 1.0 e e
B,H,-6 91 178 1.06 - 1.0 1.0 T R
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ke sl JiiE L FAGERIF A/ ms
AB BmimDCA 83.7:205 3
HB BmimDCA 74.4:205 3
AB Pyrr,, DCA 65.1:208 4
HB Pyrr,, DCA 21.6:208 5
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Tab.3 Physicochemical and combustion properties of the TEAB/BmimDCA solutions

L) s id H i/ C SRIIEE/C /(g em ™) BEEE/(mPa - s)  RUKEERFRFE]/ms
1 2:1 -9.0 116.3 0.87 7.0 3
2 3:2 -10.6 109. 8 0.89 8.3
3 1:1 -13.3 112.1 0.92 10.9 4
4 1:2 -19.8 85.5/121.0 0.96 15.1 3
5 1:4 < -60.0 88.7/124.1 1.01 19.4 4
6 1:6 < -60.0 90.8/127.5 1.03 21.4 12
1:9 < -60.0 91.7/129.0 1.05 23.6 20
BmimDCA - -6.0 300.0 1.06 33.2 46

SCHRL48 PREHlle (B, H,y ) 7% 2 DCA € HILs
o DIBRGE ¢ TESEE SRR, - 8l4E 5 DCA 26
HILs Az R, I Az i BoHy, ]~ 28 HILs 3f-5 DCA
& HILs JERASARVA R, H R Wt B A&l 10 firs . B
& BoH BmA, SRR S WENA $Efl i o, A8 X
TAELH I3 1 0 KR T B WK 4 s, By H, 5
[C,mim | [DCA M1 10 EE /R ILE B, H S
WENA Y t,, #1 % T [ C,mim ] [ DCA] [% {f% 43 ms,
ByoH,. 15[ Amim ][ DCA T2 1: 10 FFE/R A RER
H5 WENA (9 £, 8T [ Cymim ][ DCA JFEAE 39 ms,
{0 4 ms, 5 UDMH 24,

I I NH,
N N. -
E />+N7:8N+B|0HM_'E />J:B"H‘4] + NJ%N
R R 2 NH,

E10 [B,H,] % HILs &M HHE ™
Fig.10 Synthetic route of [ B,H,,] ~ based HILs!*!
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Tab.4 Ignition delay time of the compunded system'*

[ByoH, |5 DCA 2§ ILs (i BCELA

HILs 4l i
1:1 000 1: 100 1:10
[C,mim][DCA] 48 58 42 5
[Amim][DCA] 35 33 30 4

BT I e R 26 Tl 55 LB Hyy ]~ 26
FILBH,, 72K HILs( WL 11) o A5 BTl £ 14 4 Fob
TP R HILs R4 T O AR, B4 0] L5 WENA
FEfil R AR H 1y, <3 ms,, [A]E],4 Ff HILs 7] DL
4k A% (THF ,EtOAc,MeOH F1 EtOH) 528 5
AALTRIRE S AR AN S B, 4 FhE BLO ke Eh
ACATEAR A AR B %57 (THE H1 EtOAc ) Hh % fif H.
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ALY WENA £l B4, LALH-N,, [ [B, H,, JHZ
MR OBEA Bty =2 ms, fRgal B, [ B Hys ]~ 26

[ByH,, ]~ 28 HILs RIS A AR 554k A #AH 57 1E
SRR 5 1) F A RE DT kS 25 R

( B Hil N B(OH),+H,
\/NH/

[H-N,..] [B,H,,] A -

il B, NaOH 4 B m,,) [Caton] X [Cat][B,H, J+NaX
H,0/EtOH
N+~ .
[B,,H,] N,,,OH - / [\

AN Cat Bu\/N:| NN,

N,,.1[B,,H .

(N2l [B1oH) [Pyrr J[BH,]  [Comim][B,H,]

11 [B,H,] #%#[B,H,] % HILs f& K"

Fig.11 Synthesis of [B,,H,;] ~

and [ B,H,,] ~ based HILs'*’

%£5 5 WFNA R4 RES FaFhrame™

Tab.5 Reactivity with WFNA and

solubility in molecular solvents'*!

HILs THF EtOAc MeOH EtOH
By H,y, AL AN AR (RIS - -
[H-N,», ][ By H,s ] AT, FAR AT, AR A AN FLRK A AN FLRR
[Ny, J[ByoHs ] T, AR AT, AR RN RS AN FRK
[Cymim ][ ByH,, ] T, AR T, AR A NG
[ Pyrr,, J[ByH,, ] AT, FAR T, AR A NG

RS, B RS A9 280 HILs (9 5 K Pk fig
AARIKEDNT 5 ms BYBARZOR . — 7l
TESERBETE EASC AR AL T e, 5] A B 20540 1
s 59— J7 I, K R HILs VR3], o Hoh i s
TR AR Ry % 00 390 L AR g T K i — ol
PERLIIR L . FEE R, H45 HILs Z AR
AR B E R R AE HILs thEAT R
i, KB AT, Bl AN 5 HILs %A Aoy
SR o JESE AR 2R, ik — AR B 0 ik
43S T HILs (9 ¢, BRI B B0 B, 18] 04k
LT RARFST HiLs & Bk 28 10 9 0 5 25 Ak
e, il & H B R A AT S A9 HILs Z AR

3 BEMRE

ARILRGHRVTERA T ARl A L L &
KR 5 S L AR Y HILs (2 <S5 ms) Bl 6505 3%
FHATR G M TGN A, & Oy ik P RE
L REINE S Py TR o /S L E R s
SRRV R PEBR AT,

TEA HLE RT¥5J7 1T ) 468 B o 3 B B

TORARAFIL 1 HILs B SCHE, AR A0 T HAL 45 44 B B
5, BA [ B-H ] 451 FH B 119 HILs A R B 3o
DU B0 R (2 HILs A 2 ] 25 AR
AP IR KGR E T2 55 . J3 80, BT T BCAY
PR TR AR 5L T R 2 0 M A be ) B 1 2= B AL
SRR , 1 A L K H H/C R, 75 HILs 7E
REREAN L w7 I AN o f )i, HILs BOR A%
S PR A 1) O P A — R BE 22 o 3 BE AN ) T 000R)
e L SAEARGE S I P 14 1 TR oM 25 4L, [N e
& HILs b 8 by ik — 25 3 i R0 PR BE A G B
JUEARSCEFR T £ 1, <5 ms 1) HILs, {H &% 45
EPERE A OSSN PR 8 ] LS B S PR T A
AR AT A — RE 22 o

e H SRR SR IC T T, 207 ¥ P LIRS 1, B
%) HILs PRI FE R A5 ZOR BB EDF 3T HILs 9%
JEFNEL R o SR, B AR SR A %5 5 1 B HILs
BRBE R AN 52 4, JUHR 5 T ML ot o A 2 i
WK ARAR AT R ST AR R R 5 i
ISR 2 i A S AL 3 , U R AR LR &
L L, T Z AP 2 OIFHLE sh Ak eb AR, AR
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