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Abstract: The adsorption of crude oil components through carboxylic acid groups may 

affect the water wettability of the carbonate reservoirs, usually composed by calcite 

CaCO3 or dolomite CaMg(CO3)2 [1,2]⁠. The Benzoic Acids (BA) binding nature and 

selectivity effects toward either calcite or dolomite are still unclear. We investigate the 

BA adsorption process on the CaCO3 and CaMg(CO3)2 surfaces in the more stable plane 

(10-14), in the framework of the density-functional theory (DFT) [3]⁠, using the GGA 

exchange-correlation functional revised PBE (revPBE) with van der Waals (vdW) 

correction [4,5]⁠. The adsorption of the BA molecule on calcium and magnesium sites 

were systematically analyzed for different conformations, as well dissociation products. 

The results show that BA can have distinct stable conformations on the carbonate 

surfaces through the carboxyl group with less influence of the aromatic ring. The 

molecule tends to be perpendicular with respect to the calcite surface, displaying strong 

interactions, mainly between the carboxyl group and both calcium and carbonate sites. 

However, for dolomite, although the perpendicular position is also the more favorable, 

the most selective interaction is between BA’s carbonyl and surface magnesium sites. 

And it allows the BA’s hydroxyl group to be free to interact. Our results also indicate 

that the BA-dolomite adsorption is influenced by interaction with water molecules. It is 

shown that the formation of the benzoate on the dolomite is more favored even in the 

absence of water molecules, increasing the selectivity of BA toward this surface. The 

obtained adsorption and dissociation landscape provide fundamental insights on the 

nature of the interaction of oil components and water wettability on carbonates systems 

with potential impact on oil recovery processes. 
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