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A detailed kinetic model of condensed-phase reaction of ammonium dinitramide.

Yu-ichiro IZATO"! and Atsumi MIYAKE™

ABSTRACT

Ammonium dinitramide (ADN: NH4N(NO,),) is the most promising oxidizer for next generation solid and liquid
propellants. This work presents the decomposition pathway of liquid ADN and a detailed chemical kinetics model
based on quantum chemical calculations. In the initial stage of decomposition, the ADN decomposes to NO» and
NNO,NH;. Following the initial decomposition, NNO>NHy4 decomposes to NoO, NH3 and OH-, and the OH-
combines NO>- to yield HNOs. Rate coefficients were determined to allow the application of transition state theory
and variational transition state theory to identified reactions. In addition, Thermal corrections, entropies, and heat
capacities of chemical species were calculated from the partition function using statistical machinery based on the
quantum chemistry calculation. The new model employed herein simulates the thermal decomposition of ADN

under specific heating conditions and successfully predicts the exothermic behaviour.
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Figure 1. A chemical equilibrium diagram for ADN, HDN and DN~ with structures optimized at the ©B97XD/6-

311++G(d,p)/SCRF=(solvent = water) level of theory
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Figure 2. Potential energy diagram for one-step conversion and NO»- dissociation reactions, showing Gibbs free

energies calculated at the CBS-QB3//wB97XD/6-311++G(d,p)/SCRF=(solvent = water) level of theory.
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Table 1. Initial decomposition reactions of ADN, HDN and DN~ together with total electron energy and Gibbs free
energy changes, as calculated at the CBS-QB3//wB97XD/6-311++G(d,p)/SCRF=(solvent = water) level of theory.

No. REACTION AGE DGV
R1 ADN; = NH,NNO»+NO> - 125.2
R2 ADNy;, = NNO,NH,+NO> - 109.2
R3 ADNp= NNO;NH4+NOy - 106.5
R4 ADNjie= NNO;NH;+NO»- - 98.8
RS ADNjyg = NNO;NH;+NO» - 115.8
R6 HDN; = HNNO, +NO> - 96.2
R7 HDNi, = NNOH: +NO» - 82.7
R8 HDNip, = NNOH- +NO>: - 84.4
RY HDNye & NNOH- +NOy - 77.1
R10 HDNig = NNO,H: +NO>: - 77.9
R11 DN =NNO; -+NOy - 117.0
R12 ADN=NH; +N,0+NO3 1964 2047
R13 ADNyi 2 NH:NO3 + N0 1993 -200.3
R14 ADNp, = NHNOs + N;O 2128 2022
R15 ADNip, = NH/NO3 + N;0 189.8  -209.9
R16 ADNjie = NHiNO3 + N;0 2141 -199.0
R17 HDN; = [HNNOJ'[NOs] - 150.7 724
RI18 HDNii, = HNO3 + N;O 1678 -230.9
R19 HDNipp = HNO3 + N;O 167.8 2277
R20 HDNiie = HNO3 + N;O 1582 -235.0
R21 DN~ 2NO; +N;0 2004 -192.9

b) total energy change of reaction [kJ/mol]
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a) energy barrier in the forward direction [kJ/mol]
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éﬁﬁ%f—& IR ERBRENEENDWREMEN D D720, SHBITMATP RO ET — 2 FHH
HEOREPMLETHD.

Table 2. NO,-dissociation reactions and rate coefficients employed during the kinetic modeling.
k=A4T exp (-Ea/RT)
A’ n Eda’

Reaction

ADN; = NO;z + NHsNNO; 1.48x10" 0.0 39110
ADNj = NOz + NNO2 NHy 5.45%10" 0.4 36223
ADNip = NO2 + NNO2 NH4 1.02x10' 0.3 33981
ADNi = NO2 + NNO> NH4 9.82x10" -0.3 33975
ADNiyg = NOz + NNOz NH4 5.85%10" 1.1 35324

HDN; = NO; + HNNO> 2.30x10'" 0.0 38416
HDNm = NOz + NNO-H 4.00x10" 0.4 34798
HDNm = NO2 + NNO-H 1.33x10% -33 35267
HDNie = NO; + NNOH 1.12x10" 1.1 38354
HDNmg = NO> + NNO-H 1.34x10' 0.3 31525
DN~ = NO;+NNO;™~ 6.24x10' 0.3 36922

! unit system is cm s mol  unit is cal/mol
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Table 3. Calculated thermodynamic data of species associated with ADN decomposition.

[ o

SPECIES ArHogcate  Saggcatc Cp [K/J mol]

[kJ/mol] [J/mol K] 300 400 500 600 800 1000 1500 K
ADN; -46.2 414.42 130.27 15133 169.76 18526 208.75 225.19 249.44
ADNi, -47.58 406.40 129.6  151.04 169.64 185.19 208.69 225.12 249.37
ADNip, -45.68 410.41 129.92 151.25 169.79 18533 208.81 22522 249.44
ADNyyc -44.33 411.47 130.41 151.61 170.06 185.50 208.85 225.18 249.36
ADNiq -44.33 417.20 131.42 152.32 170.57 185.84 208.89 225.06 249.13
HDN; 86.14 347.60 90.52 107.67 121.43 132.14 14692 156.21 168.41
HDNi, 105.18 341.19 92.71 109.81 12332 133.74 148.01 156.92 168.64
HDNip 102.04 34491 93.02 109.92 12332 133.68 14791 156.82 168.57
HDNyge 108.39 343.65 93.79 110.69 12395 134.18 14822 157.02 168.65
HDNiq 105.44 326.58 87.08 105.56 120.29 131.74 147.58 157.45 169.89
DN~ 39.33 325.33 83.88  99.61 112.14 121.67 134.25 141.56 150.05
NH4NNO; 101.48 332.62 83.96 97.77 110.43 121.50 138.99 151.74 171.33
NNO>;NH4 86.38 348.79 92.99 106.76  119.30 130.24 147.53 160.18 179.67
HNNO:; 206.89 289.37 58.10 6640 7321 78.63 8635 9146 98.66
NNO:H 218.01 276.08 5733  66.29 7335  78.81 86.39 9132 98.33
NNO>™ 189.94 267.54 4747 5513 6127 6592 7199 7548 7947

ONONHNO; 106.90 350.07 98.82 11428 126.44 13591 149.16 157.66 169.06
ONONNOH 142.88 345.92 101.97 117.81 129.77 138.83 151.23 159.07 169.61
ONONNO;™ 106.40 339.18 91.18 106.02 11735 125.82 136.93 143.40 150.92

4, FEMHRIEY I 21— gV

YNU-L2.0 model # i/} L C ADN O#EMEHISIZHE D BgBi 2 v I 2 L —v 3 > Lz, FHRIE
CHEMKIN-PROPZAEH L7z, (RFE—E, Wi\ Gl T O TIRAB-NIZT, IHIEE 1.5 g/om’, 1R
363-623 K % 10 K/min CTHIR L7-BEOEEE 22 I = L— 3 > L7, Fig. 3 1< ADN OEEEHH G
BT BB T 5 X 2 b—3a URER R EEREGERT (DSC, SUS &' )2 Hv 7252
BRfE R Td 5. YNU-L2.0 model iZ ADN 78 2 BEOFREAE — 7 453 5 Ry e B RO IR A TR 8L L, %
BBHARIRE I L O RBWRHEICBE L CH BAF 2 Tl Z 52 T d . RET VL FELD B Z B )
W ERR 7R BEFR (RS, HEER, DSC BEAWOME)ZBE TE TWRNWZ LIZH L THEORMDEH 5.
L L, BB AT A—ERT 4 v T 4 I LD, B HEN OB 2 HHT5 2 &0
TELMSETNVEMBETEILZLICRERERLH D LEHITIBZ 5.
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Fig. 3 Heat flow curves from YNU-L2.0 model (simulation) and DSC (experimental).
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