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NITROGEN OXIDES——POTENTIAL OXIDANT
OF ALUMINUM

Zhu Ji  Li Shufen Jia Liwen

(Dept. of Chemical Physics, China Univ. of Science and Technology. Hefei, 230026)

Abstract: Both thermodynamical and kinetical investigations showed nitrogen oxides can oxi-
dize Al to Al,O,. The activation energies of reaction between nitrogen oxides , CO, and Al were cal-
culated by AM1 method. The results show that there are no big energy barrier on the reaction path
of nitrogen oxides and Al, while the calculated activation energy of reaction between Al and CO, is
in good accordance with the experimental value.

Subject terms: Nitramine propellant, Nitrogen oxides, Activation energy. Oxidation
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2Al 4+ 3CO, — AlLLO, + 3CO (1) 2A] + 3H,0 — ALO, + 3H2 (2)
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Table 1 Thermochemical properties of reagents kJ/mol
_ AGH.1
T/K
Al (L) ALO,Y CcO CO;, H.0 H, N2 NO NO, N.0
1000 | —42.673 |—1776.317| —323.415 | —629. 462 | —449. 165 | —145. 394 | —206. 719 | —136. 047 | —228. 463 | —160. 473
1500 | —82.935 | —1884.306| —444.286 | —769. 823 | —570. 112 | —231. 827 | —324. 373 | —264.090 | —381. 162 | —304. 538
2000 | —128.604 | —2019.374| —571.003 | —919. 869 | —698. 837 | —323.716 | —447. 834 | —398. 158 | —543. 230 | —459.232
2300 | —157.988 | —2109.167| —649.302 | —1013.725| —779.232 | —380.949 | —524. 163 | —480. 888 | —643. 985 | —555. 522
2500 | —178. 284 | —2181.538| —702.335 | —1077.719| —834.026 | —419.873 | —575. 882 | —536. 866 | —712.405 | —621. 048
AHR
1000 30.970 | —1595.560| —88.843 | —360.418 | —216. 451 20.753 21.502 112. 608 65. 413 116. 273
1500 | 46.869 |—1509.633| —72.090 | —332.984 | —194.744 [ 36.447 38. 100 129. 959 92. 404 144. 687
2000 | 62.768 |—1441.246| —54.304 | —303.148 | —170.368 [ 52.953 55. 769 148. 101 120.399 | 174.151
2300 72.308 | —1397.983| —43.141 | —284.131 | —154. 457 63.245 66. §81 159. 214 137. 348 192. 154
2500 78.668 |—1260.217| —35.493 | —270.993 | —143. 315 70. 266 74. 500 166. 674 148. 712 204. 267

13

H 1 000 K- Q'_,Alz()ﬂ; 1 500 K\

2 000 K, 2300 K, ¥Y—AlLOy;

2 500 K, ALO; (liquid)

Table 2 AG).... AHY, .of reaction (1) ~— (6) at various temperatures kJ/mol

AGH.r

T/K

(1) (2) (3) (4) (5) (6)

1000 —772.831 —779. 659 —1582. 909 —1829. 709 —1503. 316 —1413. 723

1500 —741. 827 —703. b8l —1412. 726 —1776. 740 —1389. 972 —1367. 218

2000 —47 15560 —636. 805 —1239. 445 —1727. 975 —1283. 198 —1326. 951

2300 —699. 925 —598. 341 — 136772 —1699.114 —1220. 337 —1303. 902

2500 —698. 816 —582. 509 —1078.194 —1689. 470 —1188. 272 —1298. 350
AH .

1000 —842. 775 —945. 889 —1963. 072 1941. 815 —1739. 493 —1515. 913

1500 —820. 692 —009. 798 —1936. 100 —1923. 134 —1713.402 —1450. 705

2000 —820. 252 —896. 819 —1927. 433 —1921. 929 —1705. 554 —1483. 676

2300 —819. 629 —889. 493 —1919. 918 —1918. 418 —1698. 460 —1477. 002

2500 —F 115350 —776. 810 —1805. 823 — 1806. 852 —1584. 744 —1363. 666
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Table 3 AH)}, ; of the three reactions at temperature 298. 15 K (kJ/mol)
Species AHD Species AHY
Initial state of reaction (7) —1.42 Final state of reaction (8) 36.12
Transition state of reaction (7) 26.78 Initial state of reaction (9) 451. 65
Final state of reaction (7) 8. 76 Transition state of reaction (9) 272.95
Initial state of reaction (8) 263. 23 Final state of reaction (9) 79.25
Transition state of reaction (8) 110. 32
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Table 4 Calculated AHSY, cof transition state (a), Al, CO, and E, of

reaction (7) at various temperatures kJ/mol
AH
T/K
Al CcQ. (a) E.
1000 347. 3 —300. 4 72.0 Z5.1
1500 357.7 —272.4 107. 2 21. 9
2000 367. 8 —243. 1 143. 4 18. 7
BT AM1 LR TS EOR R E I — 4% e & YA Sn s m e i, 8 E
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