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Study for Ignition of ADN-based Ionic Liquid
with Carbon-absorption/CW Laser heating method
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ABSTRACT

Deep eutectic solvents based on ammonium dinitramide (ADN-EILPs) is expected as one of green
monopropellant. Whereas ADN-EILPs has easy handling due to its high thermal stability, it would be
more difficult to be ignited than conventional. Moreover, ADN-EILPs burns with high combustion
temperature and oxidation atmosphere. It is necessary to discuss about the durability of igniters for
ADN-EILPs. This study focused on CW laser heating ignition as the in-direct energy supply method,

and proposed the new approach of CW laser absorption with carbon materials.
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1. EE

AN EPERRAE YR AL A FHHEEIC B W THEER O m = L X —E B O ERIT &
V. E D DRI LU ERRER S & S AR FIREHEEIRIC O T Z OFEIT KX
V. ZOFRELE LT, BERAX—PEO - THHT U E=U LAY =T I RADN)%
Fbf & U 7z SR S I o A L MR AR OHEESIC H 2 s L C & 72[1]. ZAUEEskEH &
NoE RV UATHAR 1S~ 20[EEmWEERREN 2T 5.

— I, BT RAX —E A ETIREHEERILE BT O AR BEIRE S m . R BEE
TIRBEAT AT T= SN D T2, BRAMED B 2 SR IR OS5 G 1Tk O FHam 23 L < 72 5168
MZd 5. FEFOIIMEIC L2385 KFXEBRHAET, gz — AN L DEKE
LCL—HEKELREL TE2]

V—HEKEIIMEHT 2 —Hickh K& 2 HicpEEnd. —o03/ A L—4%%
LT DBUCRAETE T VLA XTI X2 HWHFE, )00t —PIiZ
LD HEHIMERIE K TH D . WBEDOWFIRIZ L A A BRI & O3 R T A x5 27
LA D E T EK, RIEICRT D CW L—HMEGE ke ERHG s Tuns.

TVUA T ETHFERKDOYGE, 7T A ENRRCR AT 2B NRHATRB S, 77X
N OIRENICEMERE N EE 202 L TEHERK LR E SNT[3]. DT A Zxtg L L=
B, TEDOFUETTT LA 7 XA DHFKPHER SN, L, A F IR & an{fic
SR A L UTRBEENIZEY 2N Th o2

—77, CW L—H¥IEGE KT, CW L —H O —fRAY 722 FEAIE S TR G~ TR G E T
BDHDITKE L, A A RIEDEESMEIBINZ D HBFRWVIRIEH 2R 6, 72 L — kR T &
RN ERMER SN, ZZCTRELIZILV—YIREEE LTEREICER L, 1 4 ikiEH
WINFE LTI 2 2 & T, 400mW L-L D CW L—HHE THKITHEI L7Z[4]. Lo
L, BRIIEEEEATTE TN D LONREL, 44 UIRIEOILS: - BVZEMEZIK T T 5
AR EINT[5]. £z, AFORMEREITEEIKFELTEY, CW L—FER L 6F
DERBHDEERE —HSEDLENRRNETHLZ ENBILOND.

FEOWRBE LY, CW L—F & W oA A ARIROE KO T4 rREME N IR © &
L. oL, CW L—HFEFEKZHLEDDHIZY-0, KE 200827 ) 78 aiERe b
B —ONRELO L —PFEROEIICBNTHEMICL -t TcE 528, 95—
DETE LTZWEIEIZ L0 A F ARIK DALY - L EMRIC B EZ RIZS RN L ThD.

ZZCARMFETIE L= RORIA L LTH—RMIZEH Lz, —EICEBOERITIA
W EIIC @O 2 FE o720, =P DB~ O @O R VX — B R SHIRE T
5. IR MIEO—2DEMER VD, £i2, B—RMIIkc RREED Z &
MDTEDH. 2D, ADN-EILPs ~DORNMHFI L LT D0DIARD A — R 34 D3I E Al
RBTHD. W—RMOBRIZ L > TEOBESLEYRER N R D720, IT—R MO
IZ ADN-EILPs @ CW L —HEFKIZENT—D2DFKNT A —=FIZeDH T ENTERIND.
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FT, B—R MDA A ARIE~ORMAIE L COEA %% 2 D856, I—RMiA 4
WRIROBZEMIZEBE 2N RROLND. L L, 44 kikE I —R M OIR
B DBIEEMEIZHONT OFIITART 2.

% Z T, ADN-EILPs ® CW L —H#EFEKIZEBIT DL —FRgp & LToh—R MM
ERIRET D, AW TITE S TRk &R0 2 O I — R A IRINANZ DWW TREt L7z, £7,
DSC & & LW T A —AR U ININAIDIRG DR - ETOBEBZ LS 52 LT, I—R M+
A AR OB EVEE TR L=, D%, BT TV OBFEKRRBREZITV, TYUZLET
FH AT EEERINRED AT & AN TH—RRMBI OIS CW L —HI2 kD ADN-
EILPs D KFHEIC G 2 5 B LA LT,

2. EBLZMH

AT TlrxA A A & LT ADN (oxidizer), monomethylamine nitrate (MMAN, fuel), urea
(freezing depressant/fuel)® 3 %77 & 60:30:10(wt.%) TIRE L7 b O & HW 2. Z OfAITER
THALATRE 7R BE A O CRIE B B IERES @\, 7272 L, DSC HITIE 40:40:20(wt. %) 5k %
FER L7, ZOMBIE 60:30:10 (ZHARFBRI LN & T, EEMtEIZIIT 2 3B GE 1D
IRUN T & RBRIBERE O KRB EEDMEWRE A FiD. 20728, DSC HIEFITRIT DA A 1%
BIEDESRIZ L % DSC B VORETROZH S HATRE L. W—R M3 —Rr v
— /b S2100K IR Ab2E, MEHERE 13 um)& 77 7 7 4 bR U Z—(CRifk 15 um) Z3%E L7,
P T IALTARER CH OIS &, A A U MERIR #5127 1K=10:1(wt.%) TERK L
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Figure 1. SEBREL(E X
ARFEERCHEA U7 ERREEE X % Figure 1 1277, ARFEFRTIL CW L—+ (980 nm,2 W), H
LT A Z (Gopro Herod, 119.88 fps), HZEF ¥ /X (T AT B, AT T T LR T
(EYELA, NVP-1000, ~20 kPa), [+ /j& > ¥ (Kulite, XT-140) ZfEfH L7=. EERFEHLXIL 1A
JE(Na, Air) THEi L7-.
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Figure 2. ADN-EILPs ¥ > 7 /L™ DSC #I & 5
BE LI —R M & A A RIRERE LizY > 7 L@ DSC Il E#E R % Figure 2 12787,
450 K AT ICHER SN — 27 1250 L, EOH > 7z N T HIRIER UilE CHl
@éhk'@%§6%KHL NET T T 7 A MR E—RAET TV 40:40:20 BLRH
TITIEREE — V (LEIC TR o T2, —T, S210 IRET 701X 10 K 3t <RV E
(ZHEAD B S 7228, %?&Fﬂ%ﬁnrmfﬁ ZHENTR N7 D BRSO ERBR 2SI
BIHH0EEZ LN, ORIV ELLON =R OEINTY, I—AR 2 OFRIMC
& % ADN-EILPs OEE EME DR FHRITMRD TIRWZ E D RIB S L7z, 2D &b 4R
TE LT — R 2 FlIEA A ARIROTRIF & Ll ©Hh 5 &Hlr Lz

32. HEH—RUMERWEA F KIED CW L —F MBI I % &5 KT

9, %EF 0.1 MPa T CW L—HEKREBRZIT o7, RERTIT L — P RIRBH AR
Zt=0 & L CE%E L7z, Figure 31X CW L —HBETOH 5 TOERY T LORET
ZRL TS,

7577 A MR X —IBAEY T T =26 s TEMIT ADN-EILPs D53 fif 17 A &k L7z
DIZKEL, S210REY T NG, BLE t=33s THREEZBIN L. Figure4 I b
DFEBRIZBNTHROLNTRHE-E N7 a7 7 A VERL TS, S210 A 7 /LT,
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Figure 4. CW L —HRUFREBRICE T 5V T LDE/ T a7 7 A v

@) S210 IBAV > T, (b) T 77 A bR X—iRET TV
M Z—REGY T BRIBRIC 226 s 2 7207 B2 Lic. [FRFZNCB W, H
REE T A T W G 7 oy iR T AR Z e L=, S-210 iR GV > 7V ClE, 1) LA Btk
BN T A CTHR MR LR E —& Lz, ko T, hlED A T TR Z MR L7k
ZS2M0BAEV T NDEKREERLE. V7774 MRUL—REEF T LD L HITER
BHROYE, R A AR GR A B RS E L TRV 2L & L
PLEDORER I, I—ARro—nZRmElE L THWS Z & T ADN-EILPs ® CW L —1
HKRIZFETHDL Z b hot-. 72, I—RUMOBRN R 5H &, ADN-EILPs O
KYENEALT D Z LR S N7,
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