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Fig.1 Formula of ionic liquid based on imidazolium and pyr-

rolidinium

Yokoyama %17 fE Ml 1) % F Hh B R A T A
FepsiE 2 i il e i e g Y ]
BT TR (B R S BT R R
B TR R s A K R R 1, R X R T 4 B Y
[BMIm ][ BF, JFI[ BMIm ] [ PF, ] — &k g & b 1Y,
TSR TR (ALLCLT ) iy i A D &0 fk ik g 70 e st 18
BT WA X 2 SRR ER AN R o R 9 7 AR
WF9E T 1-F 3374 ik R O K B A R L £h [ MIMPS ]
[HSO, | Difig b 2 i B35 7 W AARAE Jy A Ak 7], 68 % 1) i
i 1 VT 5 R R SR AT 35 I A Ak RN, — i Ak S B e 3k
70. 4% , 38 13 f] B 1) W00 BT A TT S BN A6 B 5 A A
TR ZR 00 88 AR 5 S BAR IR 18
2.2 CHEIREFRE

T L R ) 45 A R Ak A M R IE AR
VRO 17 BH 2 (L2 i A PR G Dk s I SR A Tl A=
FEL U RS A Y B B T LKL A A — 1 i
M HOREE AW Z B AT B &E . e SR A%
KB B A B R A B L O W B
(CP) & Je b 6 £F 4t | Y b} il i I 1) 3 22 iR, S RB P
B AR A5 B — 28 O P Bk e Ry BH B 1 19 8 T
A, X A e e AT B ) rP AR GE T ) A o A
HAb g5t anle 2 pron, Hp RICESH 1 ~18
AN R T B ot JE, X7 R b 2 B RR B B T, BT LA
CF,SO; .CH,C,H,SO; .NH,C,H,SO; .CH,OC,H,SO; .
NH,CH,CH,SO, CH,SO; Zsii#% .

BRI AR T O PN T o Y R T R S T AR
([CPJLCH,CH,SO, ]) E ¥ 7 F0 i Ak 7, K A A BR
VERS A% SR AT R AL , 76 e R 0 4540 F , AR 1Y
B AL R ik 62, 04%, B 1L 7= 91 1Y 4B X kb ik

CHINESE JOURNAL OF ENERGETIC MATERIALS

0.5641, ® & & R W C WM =P i m®
([CPI[OTF]) Syt Ak 30 #0770, FF 4 Ak 5 1 4
b, 76 BE 55 °C, R 6 h, I 4 5 95% HNO,
RUBE/REL M 1 1, B F R & o B OR EEJR LR
15% ,lFE R 7= Rk 3] 78. 4% , 7= 4 v &3 X 7 fiF
LR EE R LR 1,12,
0

H

/

NE—R

X

B2 B T AR 2 X

Fig.2 Formula of ionic liquid based on caprolactamium
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Me\N/\N+/R1

N3

R, = —butyl, —allyl, - (3-butenyl) ,and - (2-pentynyl)

R, = —methyl, —allyl, — (2-hydroxyethyl) ,and - (2-azidoethyl)
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4 1-HIIE-pRmE 4 HE-1 2 4t Z AT - 1,2, 3- =
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Fig. 4 1-Methyl-imidazolium-based, 4-amino-1, 2, 4-triazolium-

based and 1-amino-1,2,3-triazolium-based ionic liquid azides
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Table 1 Properties of salts 1,2,6 and 7°"
salts p/g-cm™? TV /°C T3 /°C N,O, ID¥ WFNA* ID/ms AH;/k) + mol ! ) /s
1 1.24 28 245 not hypergolic 8 380 218
2 1.15 9 235 not hypergolic 20 518 202
6 1.01 80 sublimation hypergolic explodes 457 245
7 0.99 75 sublimation hypergolic not hypergolic 430 249

Note: 1) Melting point. 2) Decomposition onset. 3) Ignition delay time. 4) WFNA =white fuming nitric acid. 5) Specific impulse.

®2 BFWMAK3 4 A5 ERE

Table 2 Properties of salts 3,4, and 532!
salts T, /°C T /°C 7% /cp(25 °C) IRENA® ID/ms WENA® ID/ms
3 -85 207 625 43
4 -90 210 670 not measured
5 -61 144 110 170 15
[BMIm][N(CN),] not measured 47

Note: 1) Glass transition temperature. 2) Decomposition onset. 3) Viscosity. 4) IRFNA =inhibited, red-fumming nitric acid.

5) WENA =white fuming nitric acid.
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Fig.5 Chemical structures of some cations for energetic ionic

liquids
0 0 O FF o O FF O Oe
Ne N eomo Oy @ 0=$-0-R
H,C” "0 FC” 0 1
FFO FF FF
acetate rifie tetraflL inate hexafluoroglutarate alkylsulfate
OH o [0}
eo)lﬁroe 0o o o N o %
g @OM o HO\)J\OG) 0 0
Y o OH 0
oxalate malonate glycolate L-tartrate maleate

0®

0:§
Br 0 N
N 0
@oN N o i SNk, o, N o I
o=(_ N , Rag 00
0 Br Y \_<Oe ) ° ~o” \OH
o

O OH

5-amir late DL-tartrate alkylphosphate
OH OH
HO A _OH 0 ”/N\ ) o
/?i/ﬁx o O g H)k 0° Ny GOMOG
] 0 ° 0
lactate gluconate formate tetrazolate succinate
NG OH 0O CF. F
S %o o i Fobaf of
o 0 o=ﬁ-o 0 F,B\—F
0 s F F
tosylate DL-malate triflate hexafluorophosphate tetrafluoroborate

Bl 6 AR T AR — LB T LA A 5L
Fig.6 Chemical structures of some anions for energetic ionic

liquids

S

www. energetic-materials. org. cn



B M € R B 0 T 245
®3 A AG - TFA BLJs AR MERE AR
Table 3 Dentonation performance data for AG - TFA-containing formulations
formation AG - TFA energetic materials unground ground total nitramine detonati?wn velocity dgnt depth
/% /% /% /% /km -s /in
1 100 - - - - 3.23 0
2 100 - - - - 1.5 0
3 100 - 0 0 0 2.53 0
4 80 RDX 0 20 20 2.94 0
5 60 RDX 0 40 40 6.09 0.240
6 60 RDX 20 20 40 6.25 0.259
7 50 RDX 25 25 50 6.75 0.363
8 40 RDX 30 30 60 7.22 0.368
9 30 RDX 35 35 70 7.31 0.337
10 60 HMX 0 40 40 6.6 0.255
11 60 HMX 20 20 40 6.56 0.263
12 34 HMX 66 0 66 8.04 0.375
13 25 CL-20 45 30 75 8.38 0.404
14 0 Comp. B 63 7.56 0.430
£ 5 4-ATN 4-ATP, AMTN F1 MATP %) fig
Table 5 Properties of 4-ATN ,4-ATP ,AMTN and MATP
compound ;;g e ;l'g,c b. ;I'SC ‘[/Plzrmal stability (75 °C) i/ngf;act sensitity /Dm o ;/78%
4-ATN 1.62 69 180 0.58 >200 unknown unknown
4-ATP 1.82 84 242 0.02 30 8516 31.39
AMTN 1.63 87 257 <0.01 >200 8115 23.58
MATP 1.63 85 245 <0.01 80 7546 21.54
TNT 1.65 81 >200 6900 17.90

Note: p is density. T,

RA4 TS G B PR P TR A R R BIR BE K 2 R
(SC)) g 25 21
Table 4 Result bullet impact,slow cook off,fast cook off,and

grenade SC]J testing

insensitive

L result
munition test

specifics

no detonation reation

~15 °F /hour at 306 °F

slow cook off

fast cook off no detonation
50 cal bullet impact

25 mm SCJ

passed (no detonation)

passed (no detonation)

MF 5 HEEEE L, 4-ATP IR EMERE A, Ul
BT TNT H R R L TNT 220 O THERE bk
F 5 TNT A1 R 2R, 56 [ 28 050 5L 00 = i P90 %
15 4-ATN X 4-ATP 45 R AE F, 7T LA 4-ATP F1
4-ATN 5G], 2 =& Brat LL 44 30« 70 I, i iy
J&JE >200 cm, FEREE L T 371 N, 3T A R
KRBT 8462 m - s GIEAARIEIAH] T 24.74 GPa,
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p. is melting point. T, is decomposition onset. D is detonation velocity. pc, is C-J pressure.
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Application Progress of lonic Liquid in Energetic Materials

ZHANG Guang-quan
(Institute of Chemical Mterials, CAEP, Mianyang 621900, China)

Abstract; lonic liquids have been investigated widely in recent years for their unique properties, including near zero vapor
pressures and solubility controled by chioce of cation and anion. Application of ionic liquid in nitration of aromatic compound for
syntheses of energetic material is reviewed. Strongly hydrogen bonded explosives such as TATB purified by re-precipitation of the
ionic liquids are introduced here. Application progress of energetic ionic liquids in hypergolic fuels of bipropellants and as TNT
replacement for melt-castable explosives are also reviewed.

Key words: organic chemistry; ionic liquid; energetic materials; propellant; melt cast explosive; nitration
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