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NETUAPUPOBAHUE METAHA 1 YCTOMYUBOCTH
K 3AKOKCOBBIBAHUIO ITOBEPXHOCTH Ni(111) AHOJIOB
TBEPIOOKCHUJIHBIX TOIIJIMBHBIX DJIEMEHTOB C PA3JIMYHOM
CTEINEHBIO JJETUPOBAHUS Cu B COOTBETCTBUU C COTJIACOBAHHOW
CTPYKTYPOU DFT
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OTJ10XXeHue yriiepojia Ha aHOIaX Ha OCHOBE HUKEJIS SIBJISIETCS KJIIOUeBO MPOoOIeMOi 1151 TBEPAOOKCUIHBIX
TOTUTMBHBIX 3JIeMeHTOB (TOT3), ucronb3ymmx yriaeBoaopoaHoe TOTMBo. OMHUM U3 peLIeHU SIBISIET -
cs JJeTUpoBaHUe ApYyruMu seMeHTaMu. B HacTosieit pabore meromom DFT Obliu poBeaeHbI cucTeMa-
TUYECKUE UCCIIENOBAHUS MTPOLECCOB MocaefoBaTesbHoro geruapuposanust CH,, o6pazoBanud u ynane-
HUS yriaepona ¢ moBepxHocTu Ni(111), nrerupoBaHHO# pa3audHbIM KoaudecTBoM Cu. Jlerupyroiye KOH-
ueHtpauuu Cu Ha nosepxHoctu Ni 6sutnt 0, 1/9, 4/9, 5/9, 8/9 m 1 ma Ni(111), To ects Ni(111), NiCu,,
NiCuy, NiCus, NiCug n Cug. DHeprum ancopounu U LEHTPHI aACOPOLMU BaKHBIX BELIECTB ObLIN OIpEe-
JIeHBI pacyeTHBIM nyTeM. Kpome Toro, B paboTe o0CyX1atoTcsi KWHeTMKA U TEpMOJIMHAMMKA OCHOBHBIX pe-
aKIIMii 1 BO3MOXHBIE ITyTH yaajieHus yriepoaa. [Ipenpiaynive ucciaenoBaHus MoKa3aiu, YTO BBeIeHUE Me-
M OCJIabIsieT B3aMMOJENCTBUE MEXIYy TOBEPXHOCTHIO HA OCHOBE HUKEJIS U aicopOaToM, TeM CaMbIM 1O~
BBbIIIasl aKTUBHOCTb PA3JIMYHBIX YAaCTHUII HA TIOBEPXHOCTH KaTalnu3aTOPOB Ha OCHOBE HUKeENS. Bo-BTOPBIX,
KPEKVHT MeTaHa Ha TOBEPXHOCTU Ha OCHOBE HUKes mpoucxoaut myrem CH, - CH; — CH, — CH, any-
TU Ha OCTaJIbHBIX ISITU ITOBEPXHOCTSIX Takue xe. OO0HapyKeHo, 4To nobdaBieHrne Cu MOXeT oclIalJIsITh al-
copb6umio C, MHrMOMpoBaTh aKTUBHOCTH feruapuposanust CH, u cioco6eTBoBath cBsizbiBanmio C ¢ po-
MEXYTOUHOM Cpeoii Ha MMOBEPXHOCTU Ha OCHOBE Ni, TeEM caMbIM YJIy4Illasi COMPOTUBISIEMOCTh K OTJIOXKE-
Hu yraepona. Hakonel, Ha ocHoBe pacueToB DFT moapo6HO 06cyKnaloTcsi HECKOJILKO TTOTEHIIMAIBHBIX
nyTeil ynajleHus yriaepona, U ciejaH BhIBOMI, YTO pobaeMa ynajeHus yriepoaa Ha aHogax TOTD nomkHa
OBITh cocpenoToueHa Ha okucieHnu CH, npenoTBpaliasi mpsiMoil KpeKUHT.

KioueBbie ciosa: DFT, Ni nerupoBanHbiii Cu, yCTOMYMBOCTh K 3ayTJIEpOXUBAHUIO, NETUIPUPOBAHUE
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Anodes with Different Cu Doping Ratios under a Consistent DFT Framework
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Carbon deposition on nickel-based anodes is a key problem for solid oxide fuel cells (SOFCs) using hydro-
carbon fuels. One of the solutions is doping with other elements. In this work, DFT calculations were used to
systematically study the processes of continuous CH, dehydrogenation, carbon formation, and carbon elim-
ination on Ni(111) surfaces doped with different amounts of Cu. The Cu doping concentrations on the Ni sur-
face are set as 0, 1/9, 4/9, 5/9, 8/9, and 1 ml, namely Ni(111), NiCu;, NiCuy, NiCus, NiCug, and Cug. The
adsorption energies and adsorption sites of the important substances were obtained by calculation. In addi-
tion, the kinetics and thermodynamics of the main reactions and potential carbon removal pathways are dis-
cussed. Prior studies have shown that the introduction of Cu weakens the interaction between the Ni-based
surface and the absorber, thereby enhancing the activity of various species on the surface of Ni-based cata-
lysts. Second, the methane cracking path on the Ni-based surface is CH; - CH; — CH, — CH, and the
paths on the other five surfaces are the same. We found that the addition of Cu can weaken the adsorption of
C, inhibit the activity of CH, dehydrogenation, and promote the binding of C to the intermediate medium
on the Ni-based surface, thus improving the ability of carbon deposition resistance. Finally, based on our
DFT calculations, several potential carbon removal pathways are discussed in detail, and it is believed that
the problem of carbon removal on SOFC anodes should focus on the oxidation of CH while preventing its
direct cracking.
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