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Study on gel propellant of ionic liquid system based on ammonium dinitramide

Kento Shiota™?, Yuichiro Izato ", Hiroki Matsunaga*4, Hiroto Habu ™, and Atsumi Miya.ke*3

ABSTRACT
Ammonium dinitramide (ADN) based energetic ionic-liquid propellants (EILPs) are expected to be used
as replacements of hydrazine derivatives because the derivatives have high toxicity and volatility. For gel
propellants (GPs), the propellants have been studied as future propulsion systems. Since GPs use liquid fuels
such as hydrazine derivatives, GPs have same problem as liquid propellants. Therefore, we have focused on use
the EILPs for ionic liquid gel propellants (ILGPs). Here, ADN based ILGPs were prepared and their thermal

analysis of these samples were conducted to obtain a better understanding of their thermal properties.
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1. FUBIC

BAFBIEETE RV IIEDLS —RfEER LT, 7yE=U7 ALY =173 N (ADN) &
FHE Limmm RV X — A F AR RHEMER] (EILPs) DRFFERHFE 217> Cu\v% . ADN % EILPs
1%, B R Ll UTHRAEmWET TR, EBREMENTZ D5 B MO i T OB ]
mEND., —HTHONMHEERNL, BRELEERORNED S oK TH 5. FIVIZEHOF
BOPIZHMZA LT b O T, IREHEER L i L TR A2 REOTICE /T2 LR TE D
W, TRAX—EEEETDHIEBARETHD. £z, ¥ 7ICRASRDBEAWESSA, ®IK
TIERH LB RICEDERIER S D DIt LT, 7 mT » MIZOREErE b TRV .
TIRAHEEA OB A, BB E B LA TR TN VLT S, BEHTIE Y = MRES v v,
b K7 O UiFE AR L, BEANITREREE, @Rt kERE, ERREIE L TT LI =T AR
2 TR NERHNGNE Y. FAAbBNTE L r — REFEEK, U A RN LTINS
E RIVUBERTHLENHIATFLE TV, THa—RX, =F)Lkrn—%, b Rno
XUAFLEALB—=R, AFNEALR—=ADENEND T VALHIZ T-17% REG LT ML T 5 2 &
DRE SITWD YL IR HEER O 4337 & RIERIC 7 AN BV T h, BREHE L THEMEOKN
TH )T IVET AR —RAERE LT UET D 2 el SnTng . & Z TR
P2 DNRARHERER & U CHFFERA%E & # 5 ADN 5% EILPs O 7 L HEEER~ D HIZ A1, ADN %
HU«#E@%%%V@%&»%@%auﬂ@wﬁ%&@“ﬁ’iéﬁﬁﬁwﬁﬁ%ﬁok.ﬁ%
PriciTmZEAEER (DSC) Z AV, F/HEAIREIC K 2B~ DR B4R LT,

2. KB

2.1 AHBRAR

A RS LT, ADN 5% EILPs CTIRRELRAAA 2 FERL T 2 =55k ADN/ &/ A F LT I il
HE (MMAN)/ JR 35 =4/4/2( E &L ) (AMU442) B LY, 2% ADN/ 7% b7 2 F (AA=1/1( B &
It ) ? (ADN/AA) DIRAW % T2E L=, ADNITMIA A THZ AV, JRHE, AATFOEMSE T ¥R %
F 2. MMAN 1T, Fiehlisk TERLO 2 F 07 2 2 KIAHR (40 wt%) & SR (60 wt%) 7B ARk L7z
FAALENT, ZAMEESKOBEENE SO CHEMA SN TV T e — 2 (agarose) B8 L /Lo — 2R
BEATHLE Frfo7ritila—2 (hpe) & Wiz, 7 IALARNT TR TRtk T2 4
R L7, ZV o, AMU442 35 X OV ADN/AA (2% L CAMVE] 10 wt% 23RN L, AR CiX
HEHEA & FALAIDIRE LT S 2R T5 720, HEEEZITORWRAFEEZZE L. 50 CO
TEIRAE C 24 BRI FRE L 72 B ISR 2 I H L=S|IRICERE L, 3Bt O S 7 VR A BRI L iisEh i 2
BT DL TRBIO T AL AR LT,
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2.2 AT

AL 72 RUR O BV B O {U P2 121X, TA instrument $ SR ZEEAE B EFDSC Q200% H 7=
ERARRRZAT o 70, WESRMEIT, ABEA1.5 mgZ SUSI03EHAEVICHEL, ARE
J£10 K min!, % & i PH 2 -30~400 °C& L7z,

3. BREBR
3.1 ADN R ILGPs DA &

AMU442 5 L U ADN/AA @ & 5 12 agarose, hpe O ¥y K 5k & 44 E] T 10 wt% R0 L 72 B,
agarose |X & H 5D ORFIC & 438 L 72728, hpe IX ADN/AA O I8 L, AMU442 Ti3ig -
IR E, RPICOB L ehole. TRTORBHIBWT, IREERITHRD T AALAIDN K TH
5 Z Eid7e o7z, Tablel IZ7 LA ZIRE L 50 COEIRFE T 24 FEf#FE L7-%%, B ANA
T VIR AR U T-BR OB E & R (AMU442 hpe 1ZH#R% OB E ). 50 ‘COEEM T 24 BRI T
ik L 72 R ICEIRICERE L7EAE S, AMU442 @ agarose 115 % (AMU442 agarose), ADN/AA_agarose,
ADN/AA hpc OFREHIFEI & 720, AMU442 hpe 1TiEW 28 )E & AWM Z R L. 7 Ab#lZ iR
A3 DHIE, Tablel DAHHIZAR L7 ADN/AA O X 9\ ZHEME 27~ L7=alBhE, 7 ez 2
BT Z & TR TR ARICE L ChitEitEZ RS <2572, AMU442_hpe LSO 7 v
ITT AT LI ZAM T RIEE D bR EL< 2o TEBY, FbL TS 2 &0y
Molo. LL, AMU442 hpe IZf#R Lo & 2 A AWEITHIR & 72> T D, Tablel IZR7F X9
(B 7240 1E ADN R A A IR D K 9 72 i EME 2 (R FF L T2, hpe & il L 72 AMUA442 FLa o
BT LT EZBND. (65T, 4IE ADN R EILPs N7 AL d 5 Z LB EeoTe. —JF
T, 4 ADN 5% EILPs DRI I LT 7 ALAIDRE S, 7 /ALFIDOIRE 7RIS\ TIIET
DHEMDD D Z LD oyhoTz.

Tablel Appearance of AMU mixtures and ADN/AA mixtures

ADN/AA  AMU442 agarose = AMU442 hpc  ADN/AA agarose

3.2 BASHERE

Fig.1 IZ AMU442, ADN/AA & ZiLEhd 7 ALEE O DSC #h#f Z 7: 3. AMU442_hpe | &5
BB LT ME LTI TV ERE L. 2 EN0 ADN RA A RIRZ VEEHZ B
T, 30 COLREZAT7D, FEdm b-CRlfE7R SIT0E 5 B - 2L, BlllShiehoTz.
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W THRIHWT-HHD R D7 ALHNRAIZ X > T, ADN 5% EILPs D855 O BRI H 3
HEORTEITENEEZOND. FOALREI O REEEENICB W TE, ADN % EILPs ik & [FRE
(2150 CHEEDDREBMNBHI SN2 LD, FMLBIREIZ L2 KIBREZEEOK TIXAET
RNT EARBEE L. 150 C XY @m0\, BILPs MK L i L TR 5720, 7Ll
DEIGIZFE L TnD LB L.

LYW W !
AMUNG2
_AMU442\_§arose

" AMU442_hpc

Heat flow [W g'!]
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Fig.1 DSC curves of ADN, MMAN and Urea mixtures

4. L& H

ADN % EILPs @ ILGPs ~® i ARGt D 7= 6D, AAMFSE TiX ADN 5% EILPs (27 WAbAI Z IR G L
ILGPs DB 21T 7=, HHEW R D 7 WALHITH 5 agarose & hpe Z V>, ADN & EILPs % ILGPs
IETEDLZERHLNIIR -T2, Fi2, FAL LIZs Bt OB T 24T\, 7 UALAIIC L 5 ADN %
EILPs Oifit i OHT PV E M O RIE 72K T3 A U2 AlgtEidi v e B x oz, 51, ADN
S EILPs (Zii L 72 7 VAL F 0038 E X0 ILGPs O RTGTIEIZ B4 % 51 73 KOV AV HEREA D B2 70 Ky
PEL IR DHMET — X ORISR NI L 72 5.
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