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Study on Formic Acid Decomposition in Supercritical Water
with Density Functional Theory

ZHANG Yongchun, ZHANG Jun, ZENG Na, SHENG Changdong, XU Yigian

(Institute of Thermal Engineering, Southeast University, NanJing, 210096, China)

Abstract: The reaction mechanism of formic acid decomposition in supercritical water was investi-
gated theoretically at the B3LYP/6-311+g(3df,2p) level. The results show that there are several
reaction channels in the decomposition of formic acid, and the channels, R —IM1 —TS4 —1M4
—TS5 —>P1 and R—~>IM3 —>TS14 —P2, are the main reaction channels, corresponding to decar-
boxylation and dehydration reactions, respectively. H,O takes part in the formic acid decomposi-
tion reaction as a catalyst, which lowers the energy barrier heights of both decarboxylation and
dehydration reactions and accelerates the decomposition of formic acid. The rate constants of de-
carboxylation (k) and dehydration (k;) were obtained using the transition state theory(TST) at
the pressure of 250 MPa and in the temperature range of 700 - 1500 K. k£, = 4.68 X
10" exp(—22 231.46/T) s ! and k, =5. 34 X10"%exp(—24 587.05/T) s .

Keywords: formic acid; supercritical water; density functional theory; reaction mechanism; rate

constant
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JUTH RS BEAT AL, BT IR SR A0 B A T rh
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2.1 REBEZE EREE Y ESE#IA
£ B3LYP/6-311+g(3df, 2p) F ALK i1k
)T 10 B e A 16 Fhidk AN 2 T, T A
SR AU RS S HOLE 1. 3R 130 T 4%
BE AR SRE R L A R BE AN A RB A AE ST AR X BE

K1 BBREMERE Er AWt GRS Ex A% B WAk Gr il R &5 B v

oF Er/eV G/eV Er/kJ » mol ! Gr/kJ » mol ! y/em™!
R(HCOOH+H,0) —7 244. 60 —7 247.42 0. 00 0. 00
IM1 —7 244. 84 —6 349. 23 —23. 60 20. 96
IM2 —7 244. 62 —7 247. 26 —1.92 15. 06
IM3 —7 244. 53 —7 247.24 6. 49 17. 49
M4 —7 244.59 —7 247.19 0.79 21. 80
IM5 —7 244. 47 —7247.12 12. 59 29. 25
1IM6 —7 242.82 —7 245. 33 171.13 201. 54
M7 —7 242.97 —7 245. 39 157. 32 195. 64
IMS8 —7 242.68 —7 245. 48 185. 23 186. 77
IM9 —7 242. 96 —7 245. 38 158. 07 196. 44
IM10 —7 242.61 —7 245. 21 191. 46 213.17
P1(H,;+CO,+H,0) —7 244.62 —7 247.91 —2.01 —47.45
P2(CO+2H,0) —7 244.17 —7 247.25 41.55 16. 19
TSI —7 241.50 —7 243.95 298. 74 335.10 1 957.91
TS2 —7 242.18 —7 244. 64 233. 34 267. 86 667. 21
TS3 —7 242.25 —7 244.79 226. 44 253.93 568. 71
TS4 —7 244.29 —7 246.78 29. 58 61.63 385. 7i
TS5 —7 242.78 —7 244.97 175. 23 236. 90 1 412. 61
TS6 —7 244.12 —7 246.71 45.61 68. 07 649. 71
TS7 —7 242.53 —7 244. 69 199. 74 263. 68 1723. 41
TS8 —7 241. 46 —7 244.06 302. 29 324.01 1 963. 71
TS9 —7 242. 33 —7 244.72 218. 99 260.91 803. 31
TS10 —7 242.57 —7 244.73 195. 35 259. 62 1 715. 61
TS11 —7 242.24 —7 244.76 227. 32 257.02 484. 81
TS12 —7 241. 20 —7 244.01 328.28 328.78 1 882. 11
TS13 —7 241.42 —7 244. 04 306. 35 326. 56 1 831.71
TS14 —7 242.56 —7 244. 84 197.02 248. 66 1 608. 01
TS15 —7 241. 25 —7 244. 20 322. 80 311.08 1 950. 91
TS16 —7 241.99 —7244.77 251. 83 255. 48 741. 61
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