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The Property of Ammonium dinitramide-Based lonic Liquid as Propellant
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Abstract
As a candidate for green propellant, ammonium dinitramide based ionic liquid propellant
(ADN-based ILP) was invented. It is mixture of three solid powders: ADN, monomethylamine
nitrate, Urea. They are oxidizer, Fuel, and freezing point depressant respectively. The
performances can be adjusted by change of mass composition. According to the appropriate
selection of mass composition, the ADN-based ILP has higher specific impulse and lower
freezing point than these of hydrazine. The strand burner tests of the ADN-based ILP were
conducted. Then, the self-sustainable combustion, linear burning rates, and flame temperatures
were obtained. The properties of ADN-based ILP as propellant were discussed on the basis of the

results. As a problem of thruster application, spray ignition in vacuum was also discussed.
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KM TIEINZ ADNRA 4 > ikiK#EAER (ADN F ILP) E MR, A 4 VkiKITEE S A 373K L
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2. RBRAZ
2.1 REORERE
BEEL 1wt %X ADEEODFINCHEFDEELZIT o, RT1ICERTHERAKLELGDHE

K1 :TUVEZVDLDZMS S FRAA VREAHEER (ADN R ILP) DEmitae & MEE
EXLHEN Isp EWTBNKRBRE T X NASA-CEAICK B ERRETH D, sTEEHEIREAOL
50, MABEZEE 5 0. TMPaA, BHERTH S, BEELEHEREH—YUY b HR—LT 12T X%k
XERITKLFHBETHS. BE 0 F28KTOETH D, BE R T XHEIKED B RHIE
CEYERShEETHSD.

ADN/MMAN/Urea Isp Taa 0 o Isp Ts

wt. % s K g/cm? s g/cmd K
60/30/10 282 2631 1.50 423 #9283
40/50/10 269 2286 1. 47 396 273
50/30/20 262 2214 1.49 390 # 273
40/40/20 250 1976 1.49 372 #2438
30/50/20 2317 1743 1.45 343 #2438
30/40/30 213 1425 1.45 309 9 243
Hydrazine (reference) 226 873 1.02 230 274. 4
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2.2 A MF Y FRBHER
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LEAXEEZRAMNSVFRBERANICHKEL, ZERFAITICENWTZ/70LBRE—2THE
KLtzo MBEZEEANIL0.15-3MPaA DENEBEICHE L. AEREORFIT 10mmTH Y .
ADN R [LP # 25mm DB S EFTHREBE LIz, Tz, —HOBEEFICIEBEER 25um DO RBERER
FRAERNAEEPRRICESLIICHREL-, MBAREFEDOHADOLH., BBEOHKFER
FS U FBRBEROBRNSETA A AT TEREL -,

3. RERBER

3.1 HI MR

BIMRBEEDORABRER2ICF LD, BREABRTRIBEARNEZO oL ERIZZIOLA
ME—42Z8 o=, REZEEHN 0. 15MPaA [TE WV TIEZADN R ILP O @AHERE SN, &
KICEELGEMN oz, T BEZEEHNO0.3MPaAAICEWVTEHZV OLBE—RICKDME
REIRENFHR LA MBEZRLELELERBRICHELEZEZOBIMRELGWV KL,
—HBBEERESN0.96, 1.8, 2.5MPaA ICE VT WIThE 2/ OLBE—2Z & LK
MmN L, BIRBEL-EHEBLE (K1) , #€>T, BEEFXRAAEHEE
0.39-0.96MPaA [CFET A C &AM D,

x2: BB DRI

MPBREED BRBERDFEHRBEERE N B IR B
MPaA MPaA -

0.15 - No

0.5 0.39 No

1 0.96 Yes

2 1.8 Yes

3 2.5 Yes
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1 7UoEZDLSZMSSRRAFTVERDRA S V FRBEHR
BZ & ADN/MMAN/Urea=30/50/20 wt. % (a) #RBEZEIE A 0. 96MPaA (b) #RBEZEIE 51 1. 8MPaA
(c) PRBEZEIE 51 2. 5MPaA

3.2 MM BEE
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[CHRTHRBREERELAS VN EADIN D, . ETAM1ORXREFEINIBBEREELED
CEALTEL<HANHEUX (D ZRANSE AINRILPOEAEH (T 1.1, SHPI63 D E
HE#HnIFL45THS,
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3. T UVEZODLYVZ NI FRATVBERDA SV FRBREBEORERERE
B & ADN/MMAN/Urea=30/50/20 wt.%, Br#\ X XKEE 1743K (a)RBEEE N 1. 2MPaA, T 1y

KERE 1707K, (b) #RBE=E N 1.8MPaA, T A KIEBE 1792K

4. EE

ADN % ILP A EFR E L THRAARTHEOINZTMI 6=, A T2 FRABEARDE
EoHERNELTOAV Y FBRUTAY Y FERFET D, XWICHEREELTDAY
YRELTRAEITOND, E—ICHERNDEESZEZA D LICK - THEHREZHANT

BETHD . FEZICHIICKYRBEESAMBRLEEMEICELTWLS O, BHEICEL
THMELLTE—23BXNTHUARENSHD. EZICR2DESIICKIENDERFERT
TIRBELEVEO, REICTFBI S ENTARETHD, ENICEEETHD. FHIZD
T<EDL IMPAALLEICE VWTHIMRBERIRETH S, 1 DEBEDA Yy FTOHEMRREDRE
DHEELTIE. AN EWANDEBLLRZEZDCLEICEDIFHENEORERYY v FLRHE
FloEm. XUrea B FAENDEMICLSEMALELLTENETFOND, ERALE, RFHEF
BIZEWTHERN I VIDORERE—ZDHEHEENZBRBRSEDIENATEDEVWS KT
EETHD, . 22BD AUy FIFANRILPOBEWVERESEZRLTWS, £, it
HOMEBBEELHWISIKTHY ., FYBROBBRARXATCERASRAIORPERIE#ETH
5089, -oT. I3 IVIE—FFICLDBARNEIYFELL, SDEDAY Y FTHD
REBREAZELTRE., ZREBRSINEFHRRAICANRIIPZANRTABATRES S
FEGENZETFOND, —A. HEFELTOTAY Yy FELTRDBEITONE, E—IC
BEEBEXBRANE ., 0.39-0.96 MPaA DENERICHD. FZICHD A A4 VKK E RIS
EEXMEORIEELAH D, F=ZICSHPIS TR THRBERENES FRDOBRENH D, |
D2HE2DOBRF. EEPFTORIL—FREZRHBICT DO, TAUY FELTENT LR
D HFICHMBEEENO0.15MPaAA TIER 5V FRABGEAEBRICE WT AN R ILP X DT 5D H
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T, BRKLAGL,

MNRILPORZFRAEA~ADQBERICEALTE, EEFRTORIL—BFBAXAEBELEL D,
ERBRBEOSEE. E—AMBICIYAERShE=NBARANRRERNZREL., BEEENR
RELESBRTRATIL—BRTHEFRENDE, —H. KERBRBFOSEE. BEOH
BARCEDZENLERTREEEXKBREZTRLIAEMELADH LI =D, BREHFA~AANUDI LA
ENFEREARZEZRLEEBEXBRAETTMET AAEPE—FIBENOEELCFEEEN L
FIZEKYUMNRILPADIGREZEDDIETHERCDBAREERSEHIFELREN
HEELTETF LN D,

ASZAEADBERICELTEEERANKZSN., EdR LK SICHELRICEELTSELD
AUy bEFELE ANRILPIESHHEEFRE LTENLGEHELEEAD . FEI NSRRI,
M) FTHDIE, BLWRBIEZAET LI L, RREDAFUHEFTEKICE (T H MM
REWIE, EEUIDEERUEDARELHICEALMYBZVEVVYETHELHZET
Hd

5. #HR
ADN % ILP DH#EFI & L TOBEREICOVWTEFT S0, BUICREEZEE L. E#
B ZIMBLE010], BEEEICEL Y. 10 wt. %%l A T ADN/MMAN/Urea=30/50/20 wt. %
ARLEN-RATHLIEHMLIZ, COBRESICEVWTANRILPEHEMY Y FTHY.,
BELEAIEFRFSDOOD1.5EEGE, TN 2KDEBRRZH 2, COREIZENT
ARSURREARZTL., ERREREZRF/LE. TORKR. EXFTHAXPTOBEI
PABEMECIEE R BERF A 0.39-0. 96MPaA O HEEICHFHET S &, B VWRENRZHEITH &
BREMTRENz, AINRILPEEA:-ERZHEL. BREVEVLVYETHD. LML, X3
RARA~ADEBERFLERIC, EERXEOAREPEVEEEFERRAZEISENALGE
ERTHODRTL—BRAREEFREND, #oT. BRBFITRYUNABLLGFEFURARE
HELAEEZNENZEEERBRAEITHETOIXBIE— I BENEENLTEEEREDNDLR
CEYVBHETHBAREZARSETHRREENZLFSEILRLEORFELARO LN S,
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