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: Thermal Decomposition Reaction of Monomethylhydrazine
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Abstract :

Space propulsion system produces required thrust for satellites and space launch vehicles by using

chemical reactions of a liquid fuel and a liquid oxidizer typically. For example, monomethylhydrazine-dinitrogen
tetroxide, liquid hydrogen-liquid oxygen and RP-1-liquid oxygen are conventional combinations of liquid propellants
used for the liquid propulsion system. Among several liquid propellants, the monomethylhydrazine is expecially
preferred for a satellite fuel due to its better storability in liquid phase during a relatively long mission period

under a space environment. Thus, a

development

importance of a Dbipropellant system using the

monomethylhydrazine fuel is recognized recently as the national space program proceeds on a large scale. The
objective of the present study is to review a foreign research trend of a thermal decomposition reaction of

monomethyhydrazine to understand a fundamental basis of its

development in future.

chemical reaction to prepare for domestic
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Table 1 Physical Properties of Monomethylhydrazine
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Table 2 Reduced Kinetic Model for MMH Thermal

Decomposition[8]

Reactions
(cm, mol, s, K units)

CHgN2+M = CHaNH+NH2+M

2.5 10|4 e—20 600,/1

1
2 CHgNy+H = CH3NNHp+H; 1.3 1013 ¢~ 1260/
3 CHgNa+CHi = CHiNNHp+CH; 1073 e =320/7
4 CHgN>+NH; = CH;NNH +NH; 1011795 g—1000/7
5  CHaNNH+M = CH;NNH+H+M 1017 ¢~ 18000/T
8  CH3NH+M = CH;NH+H+M 1016 ¢—12000/T
9  CH3NH+H = CH;NH+H, 10872
11 CH3NNH+CH; = CH3N2+CHy 4.6 1013 o240/ T
12 CH3NNH+NH; = CH3N;+NH; 4.6 {013 ¢ —280/7
13 CH3N; = CH3+N; 3106
16 CHpNH+M = HCN+Hz+M 1014 g—5032/T
17 CHy = CH3+H
18 CH4+H = CH3+H2 1.3 104’]“3 E_WS/T
24  CH3+CHj = CoHg

olg]g &4 whemElS Alg3}
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Table 3 Energy Barriers and High Pressure Limit Rate Constants for MMH Decomposition System[9]
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¥ CH:;:NHNH: — TS1 — CHsN + NH; 63.1 1.38 x 10° 1.360 61.96
2 CH;NHNH: — TS2 — NNH; + CHs 68.2 3.26 % 108 1.809 66.83
3 CH;NHNH; — TS3 — CH,=NH + NH; 69.5 1.48 x 108 1.503 68.20
4 CH;NHNH; — TS4 — CH,=NNH; + H; 106.9 7.16 x 108 1.374 105.20
5 CH;NHNH; — TS5 — CH;N=NH + H; 108.7 291 x 108 1.477 107.30
6 CH;NHNH; — TS6 — NH=NH + CH, 110.0 343 x 107 1.363 108.60
7 CH;NHNH, + CH; — TS7 — CH;N"NH, + CH, 5.4 4.79 x 10! 3.385 3.58
8 CH3;NHNH: + NH> — TS8 — CH3;N'NH: + NH;3 1.8 1.65 x 10? 3.009 0.87
9 CH3NHNH> + NH — TS9 — CH:N'NH: + NH> 6.1 1.45 % 10? 3.301 4.44

10 CH3;NHNH> + H— TS10 — CH3;N'NH: + H> 5.9 2.08 x 107 1.781 4.49

11 CHs;NHNH; + CH; — TS11 — C*"H.NHNH, + CHy4 9.7 2.27 x 10! 3:527 7.67

12 CH;NHNH; + NH, — TS12 — C*H,NHNH; + NH; 3.8 1.04 3.603 1.89

13 CH;NHNH; + NH — TS13 — C*H;NHNH; + NH; 13.1 3.93 % 10! 3.567 10.91

14 CH3;NHNH, + H— TS14 — C*H,NHNH, + H, 12.8 7.88 % 107 1.716 11.62

15 CHsNHNH:> + CHz — TS15 — CHsNHN'H + CHy 7.6 321 x 10? 3.123 5.75

16 CH:;NHNH: + NH, — TS16 — CH;NHN'H + NH;: 34 5.98 x 10! 3.064 211

17 CH;NHNH; + NH — TS17 — CH;NHN'H + NH; 8.8 6.20 x 10% 3.072 7.06

18 CH;NHNH; + H— TS18 — CH;NHN'H + H, 83 1.68 x 10° 1.104 7.29

19 (C"H,NHNH,; — TS19 — CH,=NH + NH; 12.0 5.72 x 102 0.127 12.24

20 C*H,NHNH, — TS20 — CH,=NNH, + H 37.2 9.56 x 1011 0.303 36.40

21 CH;NHN'H— TS21 — CH; + NH=NH 356 7.21 % 107 1.507 35.50

22 CH3NHN'H — TS22 — CH;N=NH + H 451 2.43 % 107 1.952 44.60

23 CH3N'NH> — TS20 — CH>=NNH: + 51.5 1.70 % 10° 1.176 50.28

24 CH:3;N'NH; — TS22 — CH3;N=NH + H 47.6 1.74 % 108 1.676 47.19

25 CHs;NHNH; +H — TS23 — CH3;NH + NH; 6.1 1.37 x 10° 1.120 5153

26 CH,=NNH; + H — TS24 — CH,N + NH; 93 1.76 x 108 1.309 8.80

27 CH;3;N*H — TS25 — CH,=NH + H 36.4 4.81 x 1010 0.674 3542

28 CH,NH, — TS25 — CH,=NH + H 431 9.32 x 101 0.413 42 57

29 CH:;N — TS26 — CH>=NH 43.8 7.97 x 1012 0.285 43.26

30 CH;N —TS27—CH-N+H 34.6 3.69 x 101 0.990 34.78

31 CH;NH, — TS28 — CH,=NH + H, 103.8 2.31 x 108 1.414 102.24
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