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Reaction analysis on ammonium dinitramide mixture
using ab initio calculations and thermal analysis
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ABSTRACT

Ammonium dinitramide (ADN) has been studied as ADN-based energetic ionic-liquid
propellants (EILPs). Thermal decomposition of ADN in condensed phase affects combustion of
pure ADN and ADN-based EILPs. Therefore, the objective of this study is reaction analysis on
ADN mixtures in condensed phase. To obtain deep understanding of reactivity of ADN mixtures
in condensed phase, this study focused on hydrogen abstracting reaction by NO,- formed from
thermal decomposition of ADN. We calculated potential energy surface of reaction with NO,- and
substance mixed with ADN using ab initio calculation. Thermal analysis was conducted to
understand thermal property of ADN mixtures using differential scanning calorimetry (DSC). The
calculation and DSC results show hydrogen-abstracting reaction by NO;' is important in
condensed phased reaction of ADN mixture and, substance that has methyl group and carbon

straight chain has high reactivity with ADN.
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THIC, ADNIBAGROMEH 2 REZEEAEFDSCOZH W THIEL 2. §FH & DSC O
T2 5, ADN BA R DOEMMKIGICE W T NO»IC X 2/KFEF &K & KIG 2 KIS H ] o %
BRICHEETHL PP L2rIChs72., MAT, TLrIAVEEZELREFHIPIEVYE
ADN & ISR E W EEZ b Tk,

1. IUBIC

KARBREECe P IV v icEbs IREERA LT, TvE=v LY =1} 7 I F(ADN)
ERELEEZ A NVNF — A & vV IRERHEER(BEILPs) D WIS Z 1T > T 51, ADN
FZEILPsiE, t F 7V vV LB L CHERE VAT Th <, ZQEME W 720 5] # 1 o
TOWRELHFRF X%, ADNHL A ADNREILPs D BABE I 35\ CHEMEAH S IE 28 2 2 % g
LTw2 22 MEINTw YD, FRBAEOHICEH W TY, ADNH K D B it o ¥ HH
SIREFRICE W TINO» AR L, RETHINHS L B RKIEL D6 L, FHNICEET %20H:
EHAEALHNO; E a2 2 MBI N T WD, EWK L ZHNOsIZ RN DONH; & K6 L THY
7 vE=Y LAN)EE T 5. ADNSREILPsD BREE % B 4 2 11X, ¥EMH T DONOy &
EILPsZ M T 2WE O RIGICO W TR T 2423 H 5. £ 2 T, K%L TIXZADND # 5
fE DMIIAIC AR 3T 2 N0 I X 2 KFRFIKERISICERHL, KItoR I Y 5 X #NO»BHE
T2 K60 KIGY), BREIKE, 4P D potential energy surface(PES)2> & lL#K L /2. PES®D
Bk, BT ¥itE e ZBRETHEREH V2. & 5 ICADNEA R D% 8 % DSC%
Mw TS L 7.

2. HEAEBLVERA &

2.1 NO»[C&LBKZEBIEHRERILD PES H i

ARHFFETIZADNICIRA T 2 E & L C, ADNREILPsOREXW AR K > TH 2 €/ £
FAT I VIHEE(MMAN) L JRFE(Urea)ll Ml 2, BREE LR ZHOFELTIE T 2 2 DR
HelLCTxe/, x4 -7 I VIHEE(MEAN), 7IFtt&EHELTTEFT I FAA%
BELEZ, TN ZTho /b ¥EREFiglicnd. RitE ik, BMEOMEICE D X247 ADND
MRBEIR G IC BB R BEMEMHMIGICEH LT w3728, MMANE MMENIZZhE A F 4 Ik
BCTHEELTWD ERELZ. 5HHE X Gaussianth ® & 7L ¥ 55 ¥ 7 b Gaussian09” % F \»

7o, B ILEAEE 0b97xd/6- 311++(dp)1/«\/v10>f r T oMEREL S X CIRBEN 21T o
7o, FRRICEBIREBTOWRZITI 20, MEREMLL ZTSHAHWKIE D KIGHK - £

RENZNICNK T 5 2 & % EAKICH B ARC : Intrinsic reaction coordinate)il & 1< X U 1§
AL, TAALF X VEEOEVCBS-QB3IE!IC X Y ko 7z, HLEE T o KIS % 18 5E
T2 7%, FFEICIZERFEEAR T T L SCRF=(solvent=water) % F \» T AH IR HE % B fiE L 72
TSERIGHFRDIZANF —EHEAEL L TKD 7,
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Fig.1 Molecular structure of MMAN, MEAN, Urea and AA.

2.2 REBLUHHAR

ADNIZHI AKX THoORKEZ BB L CHV7%Z. MMAN® X 'MEANIZE -7 A4 v 247 2
— 7 IAN(H MEMBILE VD X F AT I VIRKAOW%), 2-7 3/ T &) — L (FJE
99%) & iHE (60%, 1.38 gem)ZH W TZNZNAEK L /2. Urea(#lifE99%) B X WAA(HLE
8% tE L7 AT a—-F IAhrBoOREELFH /A, MMAN, MEAN® b I, fllE2 A
2 F AT T AARKKTHALAZLLT I VERREPVET O T, BT 2L AN
L7z, 20, TAAKL—F—T2-7u ) L EDRBETCRERHNOKER I E LT

& RS

Pl

23 ADNEAR OB R
FHELL 72 3k o v B o {848 1T 13, TA instrument $ IR 7 E & 2R FDSC Q200% v 7=

CEHESERERZITo 7. DSCHEMED 4 v A %10 °C min' ' THE L 7= B O § fif 2 8
THELEMEZRIEL 2. BESM L, B EM1.5mga SUS303% P+ v ic % € v T
B L, Fm#EE10°C min'!, HIE&EH#HH % 50-400 °C& L 7=.

3. BREEE

3.1 NO[c&kDKZ=BI ESHHERILD PES Hih
Fig2 iz Nz o IGICH T 3 IGY, ERIRERME, £ D PES TH 5. Fig.2(a)

X NH4 & NO» D RIBICH T 52 PESTH Y, NO»D NRTF & OJR FIC/KFENF Eihkrh 3
2 DDORIEDH B, TSI 1 NH;™-& HONO 23T 2 KIS0 EBIRRE, TS2 1T NH3™¢&
HNO, AR T 2 KICDBBEIRETH 5. TSI XU TS2 ~D AE 1T 221 & 249 kJ mol'! T
»HY, HONO AKIGE W Z &30 h o7z, LA LEKED ADN O E#H fiF < I RIS X
ALV erbd INLOHEIEIRICHETTIICEEWEFE X b S, Fig.2(b)iC i
T/ RAFAT VEZY LAHATF V(MMAT)E NO»DKIED PES /7 3. MMATICIZ A F v
ERHEET 2720, 400 TS BHEET L. AFVE»LKFENG Eikr b TS3 & TS4
DAEDFHBNIRTH»HKFLFEHA2N 2 TSI & TS2 D AE LB L T/hE v, Zhid
NARFRFHBAAF VL LTHEY N-HBEADIZAVLF - REWEDELEZLNS. —T] T,
ADN HifR L LR T %2 & MMA'IE NH X D $XCTD TS ICHF 5 AE KW 72 % NOy» & D
IGHRE W E FHI NS, Fig2(e)ld, T/ T X /) —AT VE=T LTI Y(MEAY)L
NO; DRI ®D PES TH Y, TS1 & TS2 I NJFEF 2 6 KFERG K> N 2 B0 ERIKE
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Fig.2 PES of reactant and product with TS structures
(a) PES of reaction of NO- and NH4" with TS structures (b) PES of reaction of NO,- and MMA™
with TS structures (c) PES of reaction of NO»- and MEA™ with TS structures (d) PES of reaction
of NO,- and Urea with TS structures (e) PES of reaction of NO,- and AA with TS structures
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TS3 & TS4 A N TOBED CIR T2 KEDF EHIANZEBEOEBIRE, TS5 & TS6 X
ORTFOBD CIRF»HLKIZERIEH»PNLZ2BOERBIKE, TS7 & TS8 I O W T2 H K
KOREIZR PN IBOEBEBRECH L., —HWAFBAZ A LVF 1L O-H D2 N-H £V
RKE WD, SRR TIE N-H 2O KELG EHANZFED TS1, TS2 ® AE B KEL 7o
o, TORKELT, NEFEAF A VUL LELHY) N-HFEABUNOL o TWw3
TEenFETOND. £, 0B TOBOKRRIRIRTH» OKFENG ERKH- N 2 TSS & TS6 D AE
X 86-87klg!' TH Y, MMA L LB L TH LW L 7 o7z, fE > T, MEAN (%0 o
TNOytDRIGEDREH W EFE 2 LN 5. Fig.2(d)IZ X, NOy- & Urea ® K& I 1) % PES %
3. Urea ¥ NHy™ & AIBRIC HONO & HNO, ZE 32 2 2D TS 2 HF L, i TS & b i
NH, D AE L B L T/NE W &892 > 72, Fig2(e)lk, NOy & AA DG BT % PES
ThHd. AABAFANEEET 2720, 42D TS%2F->THY, XFALELLKZENE X
TN D TS3 & TS4 D AEE Urea D T AL F — L L T/hNI WZ &b, AA ITHE
it < Urea XV & NOy- L ORICHEDREW I E R TFRHRINS.

3.2 ADNESROEREEFIT
Fig.3(a)iC ADN, MMAN, MEANH {k& X (WADN & D iR & % O DSCHI# % /R &, ADNH (K

TlE, 140 °CHHE 3 X U230 °CHIED 5 D2O DFEE A H D, 140 °CHFH I D F B X AN D 55 %
TH 5. ANIZ, ADNOHIH i CHER T 2NO» A EMMHT cCHE I LAV IR L T
4T 5. MMANH R TIZ220°CHHE 2 & BB S, ADNE ORE R TiE22 D FEHN
BilE Nk, £72, MEANTIREARICEVTIF140°CHEDL H 12 DRED ZBEH < 1
72. ADN/MMAND & ENVIEAGRDOBEFENNT7 VY ZF0TH Y, FLOOY— 27 DFEE L3
D EDFEMET24KkI g ' THo72. —J/7 T, ADN/MEANDODEELEARDBERE AT v R

13-129TH Y, FEADBREFZFHHETIIKIg'TH > 7.

7 7
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Fig.3 DSC curves of (a)ADN/nitrate salts and (b) ADN/amides mixtures
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ADN/MEAN (% ADN/MMAN & L, R ANT v 2B~ 4 F 2R E S RIGEAERE VI
bbb, KAENKE VI L2 S MEAN I ADN & o KIS 28 & <, BEffiHH A T NO»-
POH L DRIEHETL T B EEZLNS., FZNO»BHEIND T & TANDBERZ
nd, 2 oHORAZBH I hWarsZ R MEINE, 2 FIZ, Fig3(b)il ADN &
ADN/Urea, ADN/AA ® DSC H#iftZ /"3 . BREROFHMEH % R % L, ADN/Urea & Tt 2
DDFEH, ADNAARARTIH 1 D0RBMZRL 2. MR L FKICER YT v R LR
Bz T 5L, ADN/Urea AR DIEHE T v X13-8.7, | DHOFEEHEIL 2.3 kI g,
ADN/AA REBE R DBEFENNT v 213-30.6, BAmiZ 26klgl oz, AARBENNT Vv R L
BREOB S 25, Urea £ Y ADN L O RIGHERE K, FEN 1 DL 2 # I L2 5 MEAN
[ AR I EEMAFH T NOx LRI ICIG L Twd eEZLND.

Lo DSCholonfEi, fFEickoTtHRonclmis XL, TLrFLEirH
TOVECTIKIFEHIP R VWY HE 2 ADN L RIGHERE W & AR I N, SR OFREFE
T, Urea & AA DIIGHEDE WD S NOy I X 2/KFEF XK E D AE A 120 kI g' L F 7~
& ADN L D RIGHERE K, RIGEFTANDBER LAV EZFEZL L.

4. FLH
RHEFE Tld, ADN RE R O FEMEAHIC 2 #7355 7201, ADN @ gy i © 9] 11 4 K
3% NO»IiCHH L, abinitio st & B 21T > 7. NO»IC X 2t L 7 I FLa¥»
bDOKFGFRKERIED PES k7. 2R, 7TrF A E2HLRFHARCYHEHIT
BEMEAH B C NOy & D RIS W LA PRI . T 512 DSCIC k% ADNRAFR D
EE) 2 WAL 2/ R, R 2 5% o2 Y MMAN X Y MEAN, Urea X ) AA %% ADN
ERIGER R B or ko, RIFETH LN AKRIL, ADN R EILPs O #AHEH
RUFICEEN 2720 T <, EILPs DMK 2 KICTH OB H 2 b HEKT 5 ETHEHE R
ReE7zs.
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