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Searching method of optimum composition ratio for ADN-based ionic liquids propellants
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ABSTRACT

Energetic ionic-liquid propellants (EILPs) are expected as liquid rocket propellant for next
generation. We focus on EILPs which are made of deep eutectic ionic liquid. We selected
ammonium nitrate (ADN) based EILPs (ADN-EILPs) for model EILPs. ADN is high energetic
material. Melting point of ADN is 92 °C. The low melting point is suitable for preparation the
EILPs. Preparation of the EILPs is easier than other EILPs. Performance and melting point of
the EILPs depend on mixing ratio of EILPs component. It is necessary to predict ideal mixing
ratio the EILPs which have competent performance and melting point for efficient EILPs
design. In this paper, we show screening method for searching compositions of the EILPs on
thermal analysis.
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MARRRMAZAET LT AORNTEMBELEREDO A7 )V —= 0 VT FEPRLELRD.

% Z CTARWBFZETlX, ADN % EILPs(ADN-EILPs)D kMl iR R FEORELHM L L,
TEEOMBLICE T 2RMA TR LENOHE/ELZ ZARKKICY Yy E 7 L.
TORER, BT — 20 REH LR PRI R, EHMEERBOHEBEEZRL, ZAK
DO REMBRERRICHTIZAZ VU —= 7 RAgEE R o7,

LFCHIC
FHEEe 7V RHEEROMRZT L LT, @ R X — A F 2 WRAR R A HE 8 A (EILPs) D Fl

AA#mEsnTtnsd), 438y —=n, PIT Y=L, TEIT—AREDT S —NLE%E
FIH U72EILPsiX, HNO;®°N,04& iR AHEEA ~OF B MFS TS, LarL, <
DHOT V= VREILPSITBRBENE L, BHERAERSLERGAENH D). —FH T~
MERIZH T TR EZHED TWDHEILPsIE, =R LF—YHETHDHADNE £/ & LT,
R AR 2y W £ o @3l % & FI ) L iK1t L 72 ADNREILs(ADN-EILPs) TH 5. 7V — /L %
EILPsE LB L C, IRAEDH THLIIOFAMNELS Th D 2 &, Wk o R & il L T
IR E NN Z & 2SADN-EILPsO F| 45 & L T2 5415 . ADN-EILPsOD ¥ £ 1%, # ik ik 2
ML EE 2 D Z & TR HE T (Isp) & AR Z L Th B AR
Hrab¥E AT HEILPSICH LT, ToBpEtE s EMNTERMAzAET2137 X
OBMNTMEBERDOA T V—= 7 PERLELE 2D, = 2 TABS TIiL, ADN-EILPs

AR PIEOREE B E L, EEOMAK I T 2 @S TSR & ) ot
B R & =AM O E R & R T

2. BER
2.1

ﬂp‘llﬂ

x

ADN-EILPs D #§p % 4r & LT, FEMiCm T 2matntE A TS ADN, £/ AF LT
2V HER ¥ (MMAN), JR3E (Urea)® =k sy 2 AW 7-. RIEITMA K T8RO ADN, Fitil
WT¥R D Urea BLOE / A F AT I VKB MA0 wt%) & i EE(60 wt%))s b AR L 7=
MMAN Z iz, ThZhofiE, o+ &, @A % Tablel (2R .

Tablel Properties of ADN, MMAN and Urea

Chemical formula NH4N(N02)2 CH3NH3NO3 NHzCONHz
Molecule weight [-] 124.06 94.07 60.06
Melting point [°C] 93 108 133
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fl s 7| F 1% & L T CALPHAD(Calculation of Phase Diagram and Thermodynamics)i%
A L7, RETIE, RERE TIKICBIT2R20@SICETL2X 7 X220 ¥ —
bt AGZIRATEH X 5.

1 1 1 1 1 1
AG = x,T(A hl)(? —Fj +x,T(A h)(; —Fj + xsT(Ahs{?—Fj Fxix@at oot anoat xixxo.s (1)

I T oxpy i OFENGER, TIARG R OMEE[K], Tapisr i O [K], Ah:h oy
DRl A FB T D AR B KT mol'], o iKMICE T AMAEMERKRT v ¥ L[k mol '] T
b2, AIZHECIHIRE TICBT DM AGERL, RWUBEILS MM AEERIC
5 AGITHYET 5. AfTiE, HAEB X ORAREB O/ A, gL REEEBEN
E(DSC)DFE RN DB RO =, 2 sy, 3 lkm%4a 180 DSCHELVGELIZ@AT
T, AGBREBRIZRD LI oijZED . HIKD DSC O W E S 1%, TA Instruments
1 DSC Q200 Z MW\, T I BT B Z K 4 mg A, 50 °C 225 10 K min™' @O E
HWAREZIT o7 RERTIEUTOERMETITo72. REHEZ 2SR TITE &L T 1:1,

=4y % TlX, ADN:MMAN:Urea=2:2:1 L7225 K5I L. TRZTNOmMEKRRAEZ2 7T
NI NRVICRABERN 4 mg LD X HIC AR, RiLEE LT 10 K min' ®E#HFET
100 °C £ THEA LEMIEA S 7%, -35°C £ THAEIL 100 °C £ TIF H i\ & EZ ¢
Bl Br—s oty h2rb@sa%x, BoEs»omgaismiL iz,

23 L#EEAEHE
L HE 715 ITIZI NASA-CEA 2 FI L7z, ¥ )£ 10 [bar], BH A kb SO[-], BRAEIE O T
THEMAB D Isp it B LT AL F & & L IZBIT DR TV (NoHy)/ WU B2 b — % 32 (NTO)D Isp
LD AT -T2,
3. RRLEER
B o0 i o5 & il iR BV 2 2, ADN 28 Tapn=364.8 K, Ahapy=18.8 kJ mol', MMAN 78
Tanan=381.2 K, Ahyman=18.6 kJ mol™', Urea 7 Tiye,=407.2 K, Ahyre,=14.5 kI mol™ &7g o772,
BA R OB AL, FHAEAERART > v /L% Table2 IR 7. AR ORI Fig.1 @ DSC #% F 2
SEML, 2oz I cR(W)EAWTHAEERART Yy LRI

Table2 Melting point and interaction potential of mixtures

ADN/MMAN ADN/Urea MMAN/Urea ADN/MMAN/Urea

Thmp[K] 274.5 342.6 297.9 264.5

o'[k] mol'] -19.8 9.2 -16.3 -5.6
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Fig.2 Experimental and calculation value of

Fig.1 DSC curves of ADN, MMAN and Urea mixtures . . )
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Fig.3 Melting point and /sp mapping of ADN/MMAN/Urea mixture

Fig.2 ZI%, ADN/Urea=1:1('f£%tt)7s)%%mLfdfaEﬁéﬁﬁnf’?‘/wwv%%c:it(l)w%%ﬂﬁﬂztt
TORE AT MG L@l ARG THD. ADN/Urea O K5 RIS WT, Tl L7 @l i B 12 52 3
L7 RO RERWHBEZ R L. FAARICLT, =0 RICB T2 A OE M E2IT o7, &K
o Isp & NLHYNTO @ Isp DLt Z#HL->72 ADN/MMAN/Urea DAk @ = £ X (2,
ADN-EILPs DO Fl 23 0°C L P27 b%i 2~y 7 LR % Fig.3 12~ 7. Fig.3 kv, 8l
ITOHHER LG & e HE ) FL L THHDIE ADN & MMAN 234 <, Urea 30 72 WLk L TH D
ZENG D, — 5T, @R 0°C LLUF OFLAL 1T, Urea 78 10 wt% LA L DR HAV7ZAH AL T
H5. UL EORERIY, A OBPET —FEH WL THEA OBBEEZO/R S 42T 35
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4. F&H

IR A MR DM A& % A3 5 ADN-EILPs [Z%F L C, + 43 72 R BE R E & 3 A nT fE
RS ERHTONT UV AORNTEMEERORA T ) —= v FFEOBRFTELITo72. A
J V==V 7 FHEELT, AR HEELREAEROBROBRET -2 hbRkD
ADN-EILPs O @A PHIFER E M N L~y B 7 LE=ZAMEZRE L. KRFIET,
HIJoOMR @A EZ TR 2L PRISHZMAKICK LT, BENICEREZIT S, %
R HEHERIBR I AR FIELE R D.
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