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The Reaction Analysis of Electrolysis for Molten Ammonium Dinitramide by using
Spectroscopic Analysis and Detector Tube Test

MATSUSHITA Kazuki'!, SHIOTA Kento?, IZATO Yu-ichiro™?, HABU Hiroto>* and MIYAKE Atsumi ">

Abstract: Our group has studied electrolysis ignition as new ignition method for energetic ionic liquid propellants (EILPs) based on
ammonium dinitramide (ADN). Electrolysis ignition causes the decomposed gases to react spontaneously by electrolyzing propellants.
This study aims to analyze electrolysis of molten ammonium dinitramide. In the beginning, electrolysis ignition test was conducted to
verify the ignition possibility of EILPs based on ADN. Next, spectroscopic analysis and detector tubes were performed to identify the
electrolysis products of ADN. The result supported the possibility of electrolysis ignition and revealed that the electrolysis products of
ADN were ammonium nitrate, N2O and NO> because Raman spectrum of 1040 cm™!, IR spectra of 1250 cm™! and 2200 cm™ and the
discoloration of the NOz detector tube were observed. Our research contributed to the development for electrolysis ignition.
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BUTORZ 22 H#tetEAICTH D e R T V0 —iNHEERORBEE LT, KEETHLI TV E=U ALY =7 I FADN)%
FRGr & L@ ¥ — o & RAEHEEAI(BILPs) 23 E H &4 TV 5. ADNSREILPs |k KT U0 L0 B gL F—#K
RS, KFETH Y, MR U THEERI ORLSSCHIEN S OT A VIBRAIRETH D 1D, — 5T, BARKLIC L D85 K
HERHECTH Y, BEFOMEGE K CIEHEER OS5 RIC S BEOBM RV =PRI L /25, 22T, A TIE ADN
% EILPs OFHIE K FIEL U CEMEKCER L. BEEAE L, RIEHEERZ2ER0MSE, TG LAk T A% B %
FINCRBE ST DB AKFIETHY, BRI VAERTADOB CEKEFHEREIE LA THEFEOEKFIE L IT-HAHET. Kt
TIE [ZEMEEENO)Y L & RT U AEMOKZG SR ERG D] S L 2EMEKE BT, LiloBMHEKOFEHRITIL,
ADN % EILPs D& K ATReME A MRFE L, 22O FEAITH H ADN OEMILEIIET 2 LERH 5.

BEAEAFSE 9ClE, ADN KIFIROBMMIGHIREZEIN TS, L L, ADN KIEH R TIIAKOEMMNIICRELEL, ADN O
BAICBE S5 57-%, ADN HIAOBMEEN L 1ZRAeD Z LN TRIND. & 2T, AIFJEIL ADN AR O B SR %
Hig & L7z, ARAFFETIX, #1DIC ADN 3% EILPs O35 KA fetE 2 MEET 572, EME KRER %2 £ L7-. WICEME KGR
BRORERZ I, ADN BKOBMRFCI T 2 LRI EZHET 2720, SN X OBME % 3k L7-.
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2.1 ADN % EILPs O EEE MFHER

REHIMA KT ADN b b RIDUEEZETIE Fuaxv T RI Y=y Mgl (HEHN) 2% €LV CREA
SE7-AEHAHSS) 2T L=, HEAN [$iB L ' Rafd v oI bk RI V2TV TRA S, K 24 BRI R
Mo & ThRBLE. &1 K ICEMEKEEORKRZ R, BMEKEEIIEKAOEREE CH D A&D #HHHOHE
Mz EEEOR L ORE & 7 = 24O A A& BM( ¢ 0.5 mm)D A -7 300 mL B —h—THR S5, % 2 KI< 300 mL
E— 1 —NO#E R T RERITN 2 0L © AHSS #EHE AA&EMICH | mm MR CHE S, EXFEKFTISVOE
JEZFIM L 7.

300 mLE— 71—

i Q | 77 U R
§ S OHEHT
E:E?: SRR
— -
22 AU D 300mLE—H— (=572 v 7§ %)
K EMREEOR K F2X  300mL B —F —HNOREL(BARE KRER)

2.2 ADN SRS D ERERIGEN

AREHTMA K TR O ADN ZH L7z, 6 3 K ICAERCHEAT 2 EMEEORIEX Z/7Rd. EMREEITEMHOBR
HETHD AKD HROBERZELEED, ADN ZElfiE & 57-H 0 —& —HEREE TH 5 Metrotee LD EFZE
LB BLUORBEEFI v 7 b —F—DA-7-300 mL E—F— TR EN 5. & 4 X2 300 mL E— b —PNORERK
ZoRT. OB T I v /b —F—, AR A($5Smm, hS5mm)B L O = 24O [ ERR(S 0.5 mm) THERL S
%, REBITH 15mg © ADN HEHIHEEMEZR L, EI7I v 7 b —%—X V) 90°C TRl I~ ADN IZT7 LT K
PR T TI15V FUIN L7, 2300 Tk, ADN OWATR L OGHICRT 2 BERY OB 2 e+ 57-%, KAISER £k
B T < L4y (RamanRxn Systems) & Sttt 7 — U = ZSHAIRIM 45 Y H B (FT-IR)(IR-Prestige-2 ) & f L 7=, 5
~ U EANTEE T, b —iRE 20 mW, L — YR 784 nm, FEHE[E%K 10 B, FBIEREE S B CHEM L. FTIR 43
o TS E TIE, FEEEIER 10 B, S3EFE 0.5 em! THEhE L7z,

BAERBR T, BEEKOEFUTNLE L NOy ZRIET 5720, FHHBYLF TR OIS 2R & NOy g
(20-1000 ppm) % {5 L 7=.
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3. B R-F R

3.1 ADN % EILPs OEMEE M RER

15 V OHUNEEIZI T 5 AHSS5 OEMA KRBROMRZH 5 KIRT. 55 XTE, HINEEOBRARRZ 0 Fh & L.
0.7 AT TIXEM LV LB TEEOKANBE SN2 &5, ADN £7213 HEHN ORITAFAE Lo WEHmICH 5
ZEDR SNz, Fiz, Blfh 82 AR TIE, BB A DBAICEI L, 104 BRBRIITAEBPBEIS . 0k,
11.9 BRBICBWTAEEBOFm LICKRROBEW A5 Lz, LiEX Y, ADN % EILPs (35 K T& 2 ATHEMEASRIE
7.

%5 BEAE K DR

3.2 ADN BRSO ERERICEN

ADN ORFHIZBIT 2 EMEFN LY 77 L AD IR AT RV 6 KRS, H6KEY, 1250 em™ & 2200 em™ £
WIIZBNTY 77 LU AR WETTZ72 IR B — 27 BNl &7, BEFEMSE Y50, 2200cm™ 725 2300 cm™ [ZHEE (L2 R
N0 SN D Z &b, 56X 2200 cm™ O IR B —7 [T N0 IZHSET 25 EHEIEND. £72, NOLBRAE DA,
5 NO2 DIFAEZ R T B EICEL LT Z &5 ADN OBFAERIDO— 2B NO2 Th D Z &M ah-o7=. RIZ, ADN DI
IR T D EMARYE L VADN LR T =7 A(AN)D T~ 2 A7 hLEE TR, F7KE0, 1040 cm™ 7>
5 1050 cm™! OEFIPFAIZIBWNT, ADN DT~ AT MUWFEELRWH LW T <~ E— 7 BNEH SN 7. 1040 cm’! 312
KT DT E—TIZ AN O NOsEICHKTH I~ B =7 L —&KT D52 L5, AN S ADN OBMAERYDO—> L LT
HlShs, —HT, V=73 FAF 2 (DN)D-NO2 ZEIZHFKT 2 830 cm 'O & 1330 cm'9 & -N3-FEIZH KT 2 950 cm'OA
BHISN TS Z e, RIED ADN BEELTND Z ERBREND.

1250cm’! 2200 cm’! 1040-1050 ¢!
V77 v A TR
o — ADN(EI )
N,

N,O

/

Intensity[-]
Intensity[-]
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Wave number[cm™]
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Raman shift [cm™1]

oM IR AT M BIXK T~ AT RV

PAEDG 5308 L OV NO i F1 8 OFE R 5, ADN OEMSUGZ M L7z, & 8 KIZHinids L Ot ic 515 5 ADN
DOEMIEE 7T, £T ADN L EBWEE & OB FBEC L 2 0HKGICE LT, BiRCIEADER % Oz DN OB
ISR E 2 EHERISND., —FTHEADOINETORFT VLY, DNOEREILIZ LD NHs, N2O, NO2 3 LT OH DAL
ADN %37 DIETEIZ L 2 NNOrEB LU NOr DA HIF L T\ D Z & d, BT DN OIREILHIG(R2)E £ O ADN 537D
BEIMGRI)PE X 2 EHERI S35, KIZ AN OAERIZEI LT, EBMAIZBES L TUVWRW NHsT & R3 D OH & DA A 2 Kk
RHE VARSI NH3 23, NO2 L AKDORIGRINC L 0 AR S fElE & RIS L, AN DNERRIND EHEIND.
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Bt N(NO,), —  N(NO,),+¢& (R1)
B8 NNO,), + e — NNO, +NOj, (R2)
NH,N(NO,),” +& —s NH;+N,0 +NO,+ OH- (R3)
NH,"+ OH — NH;+H,0 (R4)
3NO, + H,0 — 2HNO;+ NO (R5)
NH; + HNO, —  NH,*NO;y (R6)

%8 ADN O BRI S DOHEE

4 F &£ B & 5§ % 0o B 2

AMFFETIT ADN ERME O EMBOSHNT 2 B & L, EfEE K BRIZ L 5 ADN 5% EILPs O 7 K ATREME DRRGEER K OVt
T & K& ERIC L D5 ADN OEMARYM OBEZ1T-7-. T OFEHE, ADN % EILPs IXEME KORREMEA /A LTS Z
EMWABNERY, 5> ADN OEMAERMIT AN, N2O, NO2 TH D Z LAV L7z, 4 %ITMLIICH T 2 ADN OEfF
SO % A AT U, B KIS LB KR 2 ST 5.
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