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Combustion reaction analysis of ammonium dinitramide, monomethylamine
nitrate and acetamide mixtures
based on temperature measurements

SHIOTA Kento™?, NISHIMURA Mayuka"!, UEDA Naoki!,
MATSUNAGA Hiroki*!, IZATO Yu-ichiro™, KATO Takafumi*! and MIYAKE Atsumi”

ABSTRACT

In this study, combustion tests of mixtures consisting of ammonium dinitramide (ADN), monomethylamine nitrate
(MMAN) and acetamide (AA) were conducted to understand the combustion characteristics of ADN-based energy
ionic liquid propellants (EILPs). ADN, MMAN and AA were mixed at 40, 40 and 20 wt% by mass (AMA442). The
combustion tests were also carried out on mixtures of ADN/MMAN and ADN/AA prepared to the same mixing
ratio as that of AMA442. The reactions during the combustion tests were observed using a high-speed camera. The
temperature during the reaction was measured using thermocouple attached to a sample vessel made of quartz tube.
The results of the combustion test of AMA442 at 1 MPa (gauge pressure) showed that the reaction surface was
dominated by a reaction that formed a bubble phase without flame, confirming the reaction temperature as
previously reported. In ADN/MMAN, the reaction proceeded faster and hotter than in AMA442 while forming a
flame. The results of combustion tests of the two-component system of ADN and AA showed that combustion did
not continue under conditions of 1 MPa, and that the reaction proceeded with bubble phase formation and
temperature history similar to that of AMA442 at 2 MPa and above. From the above studies, these results indicate
liquid phase reaction of ADN and AA is preferential in the combustion reaction of AMA442, and that the effect of
heat feedback from the MMAN-derived reaction is important for the reaction to continue.
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1. 1 C & I

Fa I THEETE FIVVEDL L —EAHER L LT, 7oE=UALY=1+F3 F (ADN) #EH & Lo
T RV — A A ARIRRHEEER] (EILPs) DOAFFERRASE 21T > T\ 5 13 | BUTEMMEAIE, ADNICE AF LT 2 0
i (MMAN) , JRs% (Urea) ZiRG LELRZFE T L7z =55 % EILPs Th 5. BFHUHEIRR T T2 at O R, RFED

ZODT I EO—ORAFNIEIIEDSTZTERT IR (AA) A ADN & SURECRUERE T OBLENHEN TN D Z
EBRFINoTEREY, 2 ZTABFITIEL, ADN, MMAN, AA BAFR (AMA) OBRBEFFMERO =0, AMA OBREER
BREATVNA A — R AT TORER X ONRERIE % e L 7=,
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2 R B A &

ADN & MMANITHIA K T8 Z W, AAIZY 7 <TI0 R U v FOMEI%DORIELHEH Lz, EHIAMADE &t
40/40/20 (AMU442) 2N, ADNIZ% L CMMAN & AANVE B TENEN, 50/50 & 67/330D ADN/MMAN & ADN/AAJR
ARERE Lo, WEMEDZYMERGET 5720, EL7 4 VR0 I W OMEEII% D Urea LV TAMU442 % 3l
W72, ZHRORORAYE, FRMECEESHIHT 256038 5720, BREERBRERTE T60 °COTEIRFE TR L T
IR 2R LT,

PREERBRITIA b7 v NREERBRER 2 VW CHEME L2, Bl Z =AY U CEE LAY 7 28 (N9 mm, SME
11 mm, 5 E50mm) WZEUEHE R LS mLASH Uiz, sBt ORI IR DR ICEE L 24 ko =7 1 A8k (¢ 0.32 mm)
EINENT 5 2 L TRlB & 25K Lo, BVESHIRRR0. 1 mmORBIBE X %2, H1IK O X 5 ICH AN A BRI 7= A 3Fim L,
HEMEANEH 20 D 15 mmiZ L& T 5 K D IR A =R F UAE THfk L7z, BVEXHIT7 —# v ' — (GRAPHTEC GL980)
PEE L, 500 psfEIfE Ciogk L7z, WBRENIL, BFBRENE CRISEITT 2 £ 20.1~2MPa (F—VH) ORITRELE. £
FNTBEPRITHEIE SN D EHE N ADRN RS LEIOA Y 7 ¢ AT D 2 & THREERNEZINE L=, SUSORET 13
BBOHTAEEBLT, A A —KH AZ (NOBBYTECH PHAMTOM MiroC110) TH#R L7z, fRED 7 L—LL—k
X500 X (%1000 fps & L7-.

#1 FIHERR R L UBEX O B

. &R B & U B R

%2 BN, A ENE L7 AMU442 O 1 MPa RO R HEITREOD i BE B I & IRt T ORET- 0 — 5% 773, =0 1%, =
7 a AR INEABAA LT-RELCdh 5. AMU442 O BRI 1700°C & 72 o 7=, BEAERFIE O &t 32 & RAr D Ht
BRITERT 2 B2 ON2IREEHOTIUIH D OO, REFFRETREZ2—KE2RLZZENE, KARFTHNVD
EEHEICRE N N AR TE .

3 [XIZ1E, AMA442 35 L TV ADN/MMAN & ADN/AA O SUGEE OV EEBE & SOSHEITRE OB DO — &2 77 9. AMU442
%, 1MPa CORERERE R LTZ. ADNMMAN 1%, SUSHE L < SOSHEATHIZEVEXM AN T L E o278, REHE
T —Z N % < A TE 72 0.1 MPa OFEREZ 7R L7z, ADN/AA (X, 735 KBtAED O BR A RRIKH & TSR L7 2
MPa TORIERREZR LT,

AMA442 TiZ, % 3 MR T RUSEIT O T D312 K 512, B KR OTAIIMER ST WE ERISHETL,
TR T AT VA EVE S 2 B B4 1349 200 °C, F 0%, KAHETHR 950 °C £ CEE L7z, Femni IR ERIZE D & Al
ETHD I LR TE . ADN/MMAN TiX, AMU442 O X 5 REWATLFHOERIZR 57, 0.1MPallBW\ T
BNERT ORI X 0 @ BIEIRESFHRI CTE R WIZ EOWM LW RIS HEIT L7Z. ADN/AA TiX, ADN O5fE#S> ADN
& AA ORTSIZ L AREUCK LT, AA OZEFECHRIZ XD WER K E W= h>, 1 MPa TIIBRBEDS KR L7207, &
3ENIRT L DT, 2MPa TAMA442 O L 5 e NTIOVHEER L7223 6, e BIsIRE 1080 °C OIS HEIT LTz,
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PLEDORERNS, AMA442 THER SINTAT VAR T D L 9 72 5UG1E, ADN & AA OEFEHKSHE TH S Z &
EZ B, EOXIGIEADN & MMAN & ORIG L D EBEMIZETL TWD EE 2 b5, 612, 1 MPa Tid ADN/AA
DEJEHPRE LI2no 2 Z L 2 BB T D L, AMA442 Tl MMAN HED USRI LE 9 3B L DB HHEIZ & -
T, FGHERENTWAE Z ERNEZLNT.

4. #& ]

ARFITIL, ADN, MMAN, AA =558 (AMA) ORBEFFEOESGZ B E L, B OEERIE & RS ET DR
WA EH L7z ARGTTHWZ AMA OB &L 40/40/20 OIRA R OBREERIE TIX, NTNAARETERT 5 X 572 ADN & AA
OWEAR SIS DMESERIIZHEIT L, MMAN HSROEIEN S OEAD 7 ¢ — KNy 7 OB SO EE TH D 2 & 23H]
bt irol.
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