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Research and development of high energy and low toxic propellant using ionic liquids
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ABSTRACT

We focused on ionic liquids for rocket propellant based on high energetic material, ammonium
dinitramide (ADN). Energetic ionic liquid propellants (EILPs) are promising new liquid propellant for
thruster which have high energy and low toxicity because EILPs are solvent-free and low-volatility liquid.
On the other hands, there are many problems to realization of EILPs due to characteristics of ionic liquids.
We firstly researched on energy source for ignition and are developing thruster system and studying the

properties of EILPs.

Keywords: Energetic Ionic Liquid Propellants (EILPs), High Energetic Materials, Ammonium Dinitramide,
Thruster

B =

FTa 3@t X —WET v E=T LAY = 7 F (ADN) &AL Uiz A A RIR O HEESE
~OWAICEB Uz, A A RIARHEER] (EILPs) (XA 2 & F PIRERMETh L Z &vh, B R
TV NIRD D @R R EHEER & LTI & 5, —JF, EILPs 134 A U IRIKFEA ORr8 %
FFolew, Fkx RERBEINICEHT 2HMH N LETH D, ETILEILPs D kDT R )LF— —
AEIREL, THIZESWIZAT AZ AT AORIE X ONEILPs O IE 2 #H T b,

* SRk 27 412 H 9 B2 fF (Received December 9, 2015)

g T AR AT L TR
(Department of Chemical Engineering, Fukuoka University)
*2 MURESLRSE RSB BRETTE AT - BRELNE WAk JEbe
(Graduate School of Environment and Information Sciences, Yokohama National University)
*3 RMBARFE R R BEARAIE LK
(Department of Mechanical Engineering, Nagaoka University of Technology)
4 RERRIERT T R LA E R
(Division for Space Flight Systems, Institute of Space and Astronautical Science)
*5 BRIEE SR Jelin P e R
(Institute of Advanced Sciences, Yokohama National University)

This document is provided by JAXA.



FH MU IC B AT ZE B 36 H S JAXA-RR-15-004

FLDIZ

FHEMICB T 207y NROANTHEOLRBGIEILX, A7 AFZ LIS/ Mlov sy o
T UATB T DHEHER D3R - RBEIZ X VATDI D, B BT VTR EN, A X0 ES
T D2 Enn, AT AZRHEIERHEESE L TAS HnenTnsd, LirLe R7 U035
WA E O, RKORBRMRR EIC XY, FFEREEDONTERCIR X WBIE OB & \\Wo 7o {2
SRR OEMAL AR NTW D, FHEOERMRN Loz, HEERIOKELRTR KD BT
b Flo, BBEGIEHZO VAT AZa v O EEREHOMEICHNWD, v AT A3/ TR
BTHDH I ENERIN, REHEEANT X &ERE (G ), REE) THhoZENREFE LU,

REFEZRLX—PE THLHE Fuxi 7 I UilEeE (HAN) D7 =7 L= T
2 K (ADN) ¥ &K A & ) — )b & o T IR VR S W T AR HEE R O BFZE 03 i SR CHETT L
THEY, FRALIGEWVERICSH D, LirL, ZHD OREHEEANC 335 KCRBEDOEEE TV o
MOFIRELFREN H Y, FERIZmT ZEnED 5 Tnd,

— 7, KIS E T X LR —EIZES Tl FEOMREHEES & 122 < B 28 DR IEHE
RO A B L, A iRIEOHERER]~D 5 i %Hbto4ﬁ/M%ki el Tl
100°C A T O Z L 24617, BICKIETHAELE L THEETE Db DL, Hi-RiEike LT

RIS, A A, B EA~OERIEPEA TN D, ZIEA A RIED S < BAEF R TEHES
HECTEHRMETHL ) ZEERALIEbOTHD, EELITET RV —HEEZRA L LicA T
TR ZHER L, B SE D Z EMRFRE & 72U, A A U RIRO RHT & R 728 LRI HEER] [&
TRV T — A F R HEEERA] (EILPs) | 28 EBLT 5 &5 % 7o, EILPs |32 V7220 72 @
RZRHEERTH Y, BB 7 O/ - REARIZ ST D, F 72 EILPs [(HIRAKIETH D Z &0
FAAFEN, RRORGIRERDOERIENIEFITIRLS 222 Z & D, HEERIBER RO /EECR AN
Offg bt L ONER M EbAlRE & 72 5,

A F U WARIT 1914 4 ITRhS 12°C O =F L7 2 U REERHE (C,HNH,NO,) 23% /Y & T LLKE,
BUEE CIL SRR A T RIEDRRE SN TE L, ZOZLBA A U HOFEMAIENZ55D, 7
OFERAE LIZK WESIZT A v ENTWTH D, —F, 2003 41T Abbott & 7 12 X 0 2 FliH
UL EOWE ZIRE LUT-BRO L@ X 5 8@ il T 2RI H L7c A 4 ik (Deep Eutectic Solvent,
DES) 72355 &L, M@t 133°C DR FE &l 302°C oififb = U v 2IRAT 5 & RIE Tk & 2 5
_k#ﬁméhﬁOM$i%Eﬂt%@ THET TR END D, XX —WEE V-

BTHA A VR LRI TEX D, 2T, BRIV —PENFTES Tld ADN % 4| &
Ltm%%%%b,4WKX7X&“L%¢5_k%E%&LﬁO_ﬂiT_AmWKf?W7
I R (MMAN, @i 110°C) & IRFEZIEGT D & Fig.l O X 9 IZ=HIE TLIERIKIK L 72 H#
RAEIEL, (B E LTI RI P IEWEREE2 A5 2 & 2fd L2 ', BIfEIT
Z OB RN L U CEREEINCET e 2D TV D,

This document is provided by JAXA.



TR =S PR TR SRR S & 3

Oxidizer Fuels
) (0]
+| _NO,
NH, IN + -
4[\NOJ [H,CNH,]'[NO] IEN/Q\NHZ
ADN MMAN Urea
(Ammonium dinitramide)  (Monomethylamine nitrate) m.p.=134°C
m.p.=92 °C m.p.=110°C

i Eutectic [EEET

Fig.1 EILPs fi# DT

2. FEPR O RRE

EILPs LD 7= DITIE, A A RIKDFFORFER 2 WP P 2 I B FEE R BT OFH 1RO b
éo¢?%%KEE&&5@#%@%@%%?%50X7x&?i%@ﬁ:izw%~%ﬁzf
DD EKT D ETORM GBNFEM) 2 ms LN TH H Z ENER IS, F£7-, EILPs [ J¥EME
ZHRWIRWTZ D KRIRENE < CEHFFE TIE 2650 K), BATO AT 24 O X 5 itz A
CLIEREETH D, DDA A RIS LB T e K FIERLETH D, T I CAEEI
ﬁk®k%@l$»#—V—X%gELT,%h:ﬁowk2725®m#ki0Emm®%f
e (AR O RRES) 21TV, Hi RRBERRBR 21T 5 7O O FR AT 5 2 L 2 HEY L LT,

2.1 TALVT =V —ZADRE
KA T AL ~OFKERE LI OMIZ b A =7 i, v —F—, v~/ 7 ail, ik
BT T AR EDEMTHD, AFETIZIZOF T, L—F—2 Tk E e L TREL
toV~%%5k®ﬁ%ﬁﬂ UHERER] & A T A X MRS C b UK AEER Z L TH D, Zh
TRV, HEHER]E OB LD AT R EMESOBIE (RFML), BEEE & EXRK L O
%Kiéﬁé&verﬁﬁﬂﬂ%&@éo

22 A5 A% DikE

AT AL DRFFTTRHICEE L 201, BEZEIZENTL—F =D XL ¥ —% 2R L <
EILPs 25z, Mk&€5ZLETHDH, £ 2T, EILPs Ofkift, L —F—nHE), fkiEXic
DONTHRET L TV 5,

PRLLIZ DUV TIE, EILPs OFFEZBIE L7 FIEN RO s, EILPs IR 2 5 £ 9 mph B
THDHID, BUTAT AL DL IINTRBESRICA > ¥ =7 X — % AW CTHERT 23 m W E 2
T b, FITA V27 A —DUBERIE, L= =D R X—C L5kt e L

This document is provided by JAXA.



FH MU IC B AT ZE B 36 H S JAXA-RR-15-004

TR ZED TWD, BRI HOWTUIL P R EEHAT 5, L—VF =D F — %808 L < il
FNCHZONDDNEETH D, RAEROEMIL, L—V 2L 2EERKE TG AT
B D, EESKTIIMEAL L HEERNC L — =28 L TRAT D, L=V —I2 LDk
FE L QRIRBENE OO, M, L—F—FR 77 XA~vn1b 0, ZHUs Uiz —%—
DRENRD HND, MBUEKATIE, ATAZNHICMBASEZHREL CL—Y -tk 2% T
fEINEN L, & ZICHEERIZ S35 2 & TRAKT D, BEERKICHARD & 2T A X OREITIRS
THHN, L—F—ORFCHEERI OB X v MBUROBIEMEESND, EXvEZ LR
H AT AL O % Fig2 \ZRT, SBIZINDORAkFERXEA VAT 2228 EL, HE
RBERBR A 1T 9 FHEICTH D,

mRAER
L E TR B EE(TR/LEX—IRIN or MNER) L—H—FHhnz

Xj’l/_ e b/—*f—flgﬁflk L—H—3%
(EkAX
DHR)

L—H—TFiEmz

l’_*f;ﬁ, - L—F—TH I
INJLR ElLPSEiﬁaz
L=4— B (L ——) %
L—H—
s

Fig2 L—H—%fnizAxT7 240X

2.3 EILPs OWPEif5e

WMERFFE T, ADN % H\\ 7o EILPs D fiEsipl i 6O 2 728, EILPs D43 « REEA T3 = X I
OFENT, KL EILPs OF%, B R L —MROBELED TS,

BNGY AR« RIE A B = X L DFFFTIZ O W TIX Z L E TARIFAS TERE L T X 72 ADN O iF,
PRBEIZ B 2 FEhE 0 2 _X— 2|2 LT, F71% ADN/MMAN/ £ 3% % EILPs |2 B9 2 fifhT % 1 5
T 5, EILPs OEMRITREEN - BV & - H &4 (TG-DTA-MS), /RzER - BVE & - R0
550 (TG-DTA-IR) (T & % B & A5 7 2 O [RIRERE 21TV, JREE DB R B K& )53
4 L, ADN O, ADN & MMAN O i~ & f5e < SOSHSREAHEE S e 2, £72, BRI
DNTIE, BEEOHZE *P TRESNTWARIGET L EZHA WD Z & T, BILPs OREEET V%
ML, RIEREOFRME O 2HBT 50N TEi?,

{E Al EILPs OFH#L T, ADN OS2 BT 2 INA O FFEIZ SV TRRET 2 D TV 2,
WAL U, KV s X —72WE TS D EILPs OFHBAFIREIZ 2 5, Bl
TEDGARAAEL (ADN/MMAN/ JR3) X° DES |ZBH3 2 BEfE OB " 2» B UIAIZ RE L, 7 I U1
Bet 2, 7 R, AR VEE PV IZADN EHET S 2 L b o T, £, b0k

This document is provided by JAXA.



BT ARV WA RS PR T EET R 5

BYD S L, HGFI/NSVEOF EEE O TN TH 5 A2 E 50 (Figd), 75 FRAHA
{EM 7Y ADN ORI IS 2 2 ENE 2 bz, PLbha I A% I3MRR# A EILPs 235 51
LT AN —EEREL, RARE1TH,

(a) (b) (c) (d)

(a) ADN H{k (b) ADN/ &/ A F /L7 2 HgletE (MMAN)
(c) ADN/ ¥ A F LT I Rl (d) ADN/ &7 a~F LT I e

Fig.3 ADN/ 7 2 U hEEHIRA

R L RO EETIL, EILPs O SUSHER B LN —F— = 31 F — ORI R L
ZHIEL, BINFAIOEZRAME ORI A D TV D, TINANZSW T EICEBILAEwITHOWT
BETLTW5, @BRIEWIT= L —WE OB L L UK HWLRTEY, B EY
BOSHER B3I C& 2, FRFICIEROEGR B ARETH Y, L —F—2 R F— DRI DA
b PHEND, T ETICHLEY MRV, BCN) 2 ADN/MMAN/ JR# 5% EILPs [Z#
fEEEDHZ LIk L, BV s 2 RE S5 Z E3bho7- (Figd), F£7-, BlLEILPs DX
JEVER E DT DIITRFONBENLEE SN Y, EiROKE EILPs TR L 72 RINE % R 5%
RO WD Z & T, EILPs FOET X VX —WEOEIGZEH L Z LN TE, HiEom B2
DIRWDHEEZD,

o

ADN-EILPs442

N

5 .
ADN-EILPs442
~ +10wt% BCN

100 200 300
Temperature/°C

Heat flow/W g

Fig.4 ADN ;% EILPs/BCN /&% DSC &k 5
(SUS303 &t /L, 5K min' THIR)

This document is provided by JAXA.



FH UL T B SHE AT ST R JAXA-RR-15-004

3. T

b R Vb 2 SRR R m MR AR HEEE A BA S IS M 1T, @ = R L 3 — o T L YR A HE T A1)
(EILPs) |Z# H L7, EILPs T XY 2l hOfE O/ NUR S, HEER FEEE O EFEME R L3
ARRIZ 2 D, FERMICITEH 2 A FORBEIEAETR L, FHAHO X L2 5JERBHHFTE D,
EILPs O EA LD 7= DIZIFkk ~ 7o BRI, FICRKFEORER RO OND, BT/ X—
B TILADN R EILPs & L —H — TR KT HAT AL Z X —F v b L, ZRICmATIZA
T AH AT KBTS & BILPs MMERFSE 2 D T D, SHRIT 2N 6 O TE L EE 4 &I
2T AL QYRR X ORBERER 2 F2h L, MEREDFHN 21T 9,

23 LIk

1) E.J. Wucherer, S. Christofferson, Assessment of high performance HAN-Monopropellants, Proc. 36th
AIAA/ASME/SAE/ASEE Joint Propulsion Conference (2000).

2) L. Courthéoux, R. Eloirdi, S. Rossignol, C. Kappenstein, D. Duprez, N. Pillet, Catalytic decomposition
of HAN-water binary mixtures, Proc. 38th AIAA/ASME/SAE/ASEE Joint Propulsion Conference
(2002).

3) T. Katsumi, T. Inoue, K. Hori, Mechanism of high burning rate of HAN-based solution. Sci. Tech.
Energ. Matter. 74 (2013), pp.1-5.

4) K. Anflo, T. A. Gronland, N. Wingborg, Development and testing of ADN-based monopropellants in
small rocket engines. Proc. 36th AIAA/ASME/SAE/ASEE Joint Propulsion Conference (2000).

5) N. Wingborg, C. Eldsater, H. Skifs, H, Formulation and characterization of ADN-based liquid
monopropellants, Proc. 2nd International Conference on Green Propellants for Space Propulsion
(2004).

6) N. Wingborg, J. de Flon, J, Characterization of the ADN-based liquid monopropellant FLP-106, Proc.
Space Propulsion 2010 (2010).

7) 1. S. Wilkes, A short history of ionic liquids—from molten salts to neoteric solvents, Green Chem., 4
(2002), pp.73-80.

8) P. Walden, Molecular weights and electrical conductivity of several fused salts, Bull. Acad. Sci. St.
Petersbourg, 8 (1914), pp.405-422.

9) A. P. Abbott, G. Capper, D. L. Davies, R. K. Rasheed V. Tambyrajah, Novel solvent properties of
choline chloride/urea mixtures, Chem. Commun. (2003), pp.70-71.

10) AR E, PERAN, ZBED, BTIVFE—A 4 U IRIEHEEIKICET 20758, KEEES
2014 FFE4ESS (2014), pp.53-54.

1) &isht, RER, A&, BEE, FFHME—m, PEZRAN, EEEm, 7oE=
ULV = b T I RRA A ARBHEERI OV, KITFR 2014 FEEELER (2014), pp.57-58.

This document is provided by JAXA.



TR =S PR TR SRR S & 7

12) MokisE, PAEZRAN, ZBEE, STV —WEE AT A A REHEERI O, T
M2t JE B FE MR I JE B R Y, JAXA-RR-14-005 (2015), pp.1-10.

13) H. Matsunaga, S. Yoshino, M. Kumasaki, A. Miyake, H. Habu, Aging characteristics of the energetic
oxidizer ammonium dinitramide, Sci. Tech. Energ. Mater., 72 (2011), pp.131-135.

14) H. Matsunaga, H. Habu, A. Miyake, Influences of aging on thermal decomposition mechanism of high
performance oxidizer ammonium dinitramide, J. Therm. Anal. Calorim., 113 (2013), pp.1187-1194.

15) H. Matsunaga, H. Habu, A. Miyake, Thermal behavior of new oxidizer ammonium dinitramide, J.
Therm. Anal. Calorim., 111 (2013), pp.1183-1188.

16) H. Matsunaga, H. Habu, A. Miyake, Thermal decomposition of the high-performance oxidizer
ammonium dinitramide under pressure, J. Therm. Anal. Calorim., 116 (2014), pp.1227-1232.

17) H. Matsunaga, Y. Izato, H. Habu, A. Miyake, Thermal decomposition characteristics of mixtures of
ammonium dinitramide and copper (II) oxide, J. Therm. Anal. Calorim., 121 (2015), pp.319-326.

18) K. Fujisato, H. Habu, A. Miyake, K. Hori, A. B. Vorozhtsov, Role of additives in the combustion of
ammonium dinitramide, Propel. Explos. Pyrotech., 39 (2014), pp.518-525.

19) K. Fujisato, H. Habu, K. Hori, Condensed phase behavior in the combustion of ammonium
dinitramide, Propel. Explos. Pyrotech., 39 (2014), pp.714-722.

20) Y. Izato, H. Habu, A. Miyake, Condensed phase decomposition mechanism of ammonium dinitramide,
Proc. 30th Int” 1 Symp. Space Technology and Science (ISTS), 2015-a-06 (2015).

21) H. Matsunaga, H. Habu, A. Miyake, Decomposition characteristics of energetic ionic liquid
propellants based on dinitramide salts, Proc. 30th Int’ 1 Symp. Space Technology and Science (ISTS),
2015-a-73 (2015).

22) N. E. Ermolin, Modeling of Pyrolysis of ammonium dinitramide sublimation products under low-
pressure conditions, Combust. Explos. Shock Waves, 40 (2004), pp.92-109.

23) Y. Daimon, H. Terashima, M. Koshi, Chemical Kinetics of Hypergolic ignition in N,H,/N,0,-NO, gas
mixtures, J. Propul. Power, 30 (2014), pp.707-716.

24) T. Mendiara, P. Glarborg, Ammonia chemistry in oxy-fuel combustion of methane, Combust. Flame,
156 (2009), 1937-1949.

25) M. U. Alzueta, R. Bilbao, A. Millera, M. Oliva, and J. C. Ibafiez, Impact of new findings concerning
urea thermal decomposition on the modeling of the urea-SNCR process, Energ. Fuels, 14 (2000),
pp-509-510.

26) Y. Ide, T. Takahashi, K. Iwai, K. Nozoe, H. Habu, S. Tokudome, Potential of ADN-based ionic liquid
propellant for spacecraft propulsion, Procedia Engineering, 99 (2015), pp.332-337.

27) HREIER, HHBEA, FFRA—H, ks, PERAN, ZEEE, SR E—A 4
AR D 5= H Wy s A HIHEEE 79 00 SB[ V) 72 R BT ZE, 56 6 [l A A iR, 1010
(2015).

28) H. Matsunaga, K. Katoh, H. Habu, M. Noda, A. Miyake, Thermal behavior of ammonium dinitramide

and amine nitrate mixtures, Proc. 3rd Central and Eastern European Conference on Thermal Analysis

This document is provided by JAXA.



FH UL T B SHE AT ST R JAXA-RR-15-004

and Calorimetry (CEEC-TAC3), OP1.04 (2015).

29) WAEIER, MkitE, PAERAN, =ZFED, TUrE=UALAV= T I RO KITTIKE
fEE U GARDREE, FHAIZEFEBR FEHEAE AT S0 B s i, JAXA-RR-14-005 (2015), pp.11-17.

30) M. Itakura, H. Matsunaga, H. Habu, A. Miyake, Eutectic mechanism of energetic ionic liquid
propellants based on ammonium dinitramide, Proc. 30th Int’ 1 Symp. Space Technology and Science
(ISTS), 2015-a-06 (2015).

31) K. Shiota, Y. Izato, M. Itakura, H. Matsunaga, H. Habu, A. Miyake, Thermal properties of ionic
liquids based on ammonium dinitramide and acetamide mixtures, 3rd Central and Eastern European
Conference on Thermal Analysis and Calorimetry, (CEEC-TAC3), PS1.12 (2015).

32) Rk, BOEIER, HEHIRA, OtEAH, Bake, PERN, ZFEEHE, STrrF—
A AW DT T B HEER OMFZE, 25 6 [l A il iRRER=, 1009 (2015).

This document is provided by JAXA.



	AA1530055000(RR-15-004)★ 5
	AA1530055000(RR-15-004)★ 6
	AA1530055000(RR-15-004)★ 7
	AA1530055000(RR-15-004)★ 8
	AA1530055000(RR-15-004)★ 9
	AA1530055000(RR-15-004)★ 10
	AA1530055000(RR-15-004)★ 11
	AA1530055000(RR-15-004)★ 12



