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Experimental observations indicate that the injection of cationic transition metals
(TM) brine solution could assist oil desorption from carbonates. After a
reference brine injection, by adding Copper II solutions, 5% to 10% of
incremental recovery of original oil in place is observed, leading to a potential
application on enhanced oil recovery (EOR) processes. However, the molecular
mechanism involving Cu?* and calcite/oil interactions are far from being well
understood. Here, first principles simulations based on the Density Functional
Theory (DFT) were performed to investigate the processes involved in the
formation of a TM-oil complex [1] and the coverage of carbonate rocks with the
respective TM minerals [2]. We have simulated octanoic acid (oct- deprotonated
and octH protonated), to model the acidic oil components, the Cu(Oct)2 complex
and the calcite (CaCO3) as matrix (Figure 1), to determine the structural
properties and adsorption energies of the oil model and the formed Cu-oil
complex, taking into account water as an implicit solvent.The adsorption
energies for octanoic acid suggests interactions with the calcite surface ( -0.6 eV
for oct- and -1.3 eV for octH). However, in the presence of TM cations, the
square planar complex formation energy is highly stable (-1.5 eV per TM-O
bond), indicating that the complex formation is thermionically favorable.
Besides, the adsorption of the TM-oil complex is favorable with the calcite
surface in the aqueous phase; the nonacid fraction of the oil is capable of
detaching the complex from the carbonate porous media.
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Figure 1: a) octanoic acid; b) Cu(Oct)2 complex, adsorbed at calcite (10.14)
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