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Fuel oxy-combustion is an emergent technology where habitual . AGgas is evaluated by canonical variational transition-state theory (CVTST) e kingas phase IS .compa;elfl with AramcoMech 2.0, shock tube, and laser
nitrogen diluent is replaced by high-pressure supercritical CO, with (.:CSD/cc-pVDZ method. | , ph?fg?'ls's experiments
(sCO,), which increases the efficiency of energy conversion. In y A_Gsol IS gvaluated by PMF with boxed molecular dynamics (BXD) . |
this study, the chemical kinetics of the reaction C,H; = CH; + simulation R o / The fitted K
CH;, important for combustion in sCO, environment is predicted * Force field of free radical is determined by MS-EVB* ggzé %2.6013_11 Ioc(;t;dewithlfn
at 30-1000 atm and 1000-2000 K. We adopt multiscale approach, theory = :\gz.IOE-ll / other theoretical
where reactive complex is treated qguantum mechanically in rigid N = E 160E-11 s and experimental
rotor/harmonic oscillator approximation, while environment ) j = LIOE- results
effects at different densities are taken into account by potential f— ., E OOOEL2 | S Ny
. . . J g 1.00E-12
of mean force (PMF), produced with classical molecular dynamics 0.5 0.6 0.7 0.8 0.9 1.0
(MD). Here we used boxed MD, where enhanced sampling of : } *3 IR/
infrequent events of barrier crossing is accomplished without o T 1 T 9 J o E’:e?‘;dﬁnfhemuseq;\A;:;Ce‘r’l\gegg -
al\p;gh;a/hBon ofdb||as poteniiloal(;I Mu(;tl—sta.’tc)e implrlcozla.l v?lfence b.ond et e o CO I I ” * kinsolvent phase in various pressure. 300 atm is of our interests and
(MS- I) mo f was ap:cp I|e .to | fescrl ﬁe I;lee radl.ca dormatlon s the nu.m er o , molecules increases, the s e EomsEn o AT heTUS ErEssiem i
accurate .y'att e cost of ¢ §55|ca Qrce eld. Predicted rates at pressure increases . _ 4.24x1013 T-00184 ox(14.96 kcal/mol/RT) cm3/molecule/s
low densities agree well with the literature data. Rate constants . ) S g b AT i r | G
. e SPoe 99 & s . . .,"'0 s, %.3 ve
at 300 atm is 2.16x1016 T-0->3 exp(-77.04 kcal/mol/RT) 1/s for | PR . PR N PE, oY ,’{g{‘ « Asthe pressure
ethane dissociation and 4.24x1013 70.0184 exp(14.96 kcal/mol/RT) e o 7 - te 3 ¢ Ve bt 2 om0 increases, k
¢ ¢ AR %2, 0 099 o : ® uz' o’ = ) i
cm3/molecule/s for methyl-methyl recombination. . y . AR e S E | 'NCreases
’ 3 qt o ’ » ,.;,- :;." ‘0, “.," ’ g ) The
. = b | . - £ 100E-10 temperature
|ntl'0d UCtlon 8 CO, 16 CO, 32 CO, 77 CO;, = increase reduce
the influence of
 All lel has th f ' . 1.00E-11
Allam power cycle! has the advantage of capturing Resu ts: C2H6 —> CH3 + CH3 0% 06 07 08 00 | pressure
atmospheric emission CO, without external CO, capture X 10°K /T Increase
equipment  Rate constant k in gas phase is fitted by extended Arrhenius equation and gas phase —=-30atm —=-100atm =300 atm ——1000 atm
P . _ e compared with shock tube experiments>-’ .
b iR 2 R i P Conclusion and Future Work
k = AT exp(— —
ir Separation Unit [ - | RT * Successfully simulated reaction C,H; = CH; + CH5in sCO, environment and
Ges Combuntor COx Turns e HO0ET00 evaluated the rate constant k in high temperature and pressure
rE— 1.00E+04 e The fitted k is * More combustion reactions regarding sCO, environment is studied
Carbon Dioxide (CO2) % 1.00E+02 located within underwa
The Allam Cycle cor I i’l 001:;00 other experimental !
https://www.netpower.com/technology/ ' results References
 The optimized operating pressure for direct-fired supercritical HOUE02 .
CO, (sCO,) combustion chamber can reach 300 bar and the 1.00E-04 L A”f"‘m etal. Energy Procedia 2017, 114, 5948-5966
A : 0.5 0.6 0.7 0.8 0.9 1.0 2. Akiya et al. J. Phys. Chem. A 2000, 104, 4441-4448
percentage of CO, dilution is about 95 % by mass TR 3. Glowacki et al. J. Chem. Theory Comput. 2011, 7, 1244-1252
* Ethane dissociation and its reverse reaction radical Extended Arrhenius eq.—+~Yang, 0.1 atm 4. Glowacki et al. J. Chem. Phys. 2015, 143, 044120
recombination are important reactions of oxy-fuel combustion . B e b . . 5. Yangetal. J. Phys. Chem. A 2009, 113, 8318-8326
* kin solvent phase in various pressure. 300 atm is of our interests and 6. Chiang et al.J. Phys. Chem. 1981, 85, 3126-3129
J j < z Ci*4 the rate constant from Arrhenius expression is: 7. Olson et al. J. Phys. Chem. 1979, 83, 922-927
? 9 f 9 ity " e 2.16x101%6 793 exp(-77.04 kcal/mol/RT) 1/s 8. Metcalfe et al. Int. J. Chem. Kinet. 2013, 45, 638-675
| | | e oh 9. Moller et al. Ber. Bunsenges. Phys. Chem. 1986, 90, 854-861
* Rate constant k is obtained from Eyring- [ HO0E06 +  Asthe pressure 10. Du et al. J. Phys. Chem. 1996, 100, 974-983
Polanyi equation (1) CH,0 Cﬁi{‘ 2) 1.00E+04 increases, k 11. Wagner et al. J. Phys. Chem. 1988, 92, 2462-2471
C,H, ~ 1
i 2 2 1.00E+02 INCreases
k=K (—kBT) exp(~ o G 1000 * The temperature Acknowledgements
h RT CHlCHO increase reduce the
o . . | 1.00E-02 ,' influence of Financial support was received from the U.S. Department of Energy (DOE) Office of Fossil
* Activation energy AG* is evaluated both in 1 | HENLE O
gY , CHfCO 1 00E-04 . pressure increase Energy’s Advanced Turbine Program. University Turbine Systems Research (UTSR) Project
gas phase and solvent sCO, phase HOCO 0.5 0.6 o0 08 0.9 1 DE-FE0025260. Part of the computer resources were provided by UCF Advanced Research
" IR Computing Center. We thank Raghu Kancherla for discussion.

AGT = AGgyas + DGy €O gas phase ——30atm -—100atm =300 atm -e—1000 atm



