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Abstract: CO, injection into carbonate reservoirs is a key technology for enhancing natural gas recovery and achieving
carbon sequestration. After injection, CO, reacts with formation water to form acidic fluids, which dissolve certain
minerals and consequently alter the porosity and permeability of porous media. A Lattice Boltzmann Method (LBM)
coupled with a reactive transport model was developed and validated against high-temperature and high-pressure micro-
computed tomography (micro-CT) displacement experiments to reveal pore-scale dissolution mechanisms after CO,
injection into carbonate reservoirs. Dissolution reaction simulations under different displacement pressure differentials
(0.5 ~2.0MPa), back pressures (10.0 ~50.0 MPa) , and temperatures (40 ~ 140 °C) were conducted to determine
the corresponding reaction kinetic characteristics and pore evolution patterns. As indicated by the research results,
(1) increasing the displacement pressure differential expands the fluid swept area and elevates hydrogen ion
concentrations in pores, thereby improving dissolution efficiency. The carbonate dissolution amount increases from

10. 6% to 17. 9%. (2) Elevating back pressure enhances CO, solubility, thereby increasing hydrogen ion concentrations
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and solution acidity and promoting dissolution reactions. Carbonate dissolution increases from 10. 6% to 19. 0%. (3) Under

high-temperature conditions, although reduced CO, solubility decreases hydrogen ion concentrations and partially inhibits

dissolution reactions, the effect of increased reaction rates dominates, resulting in continuous enhancement of carbonate

dissolution from 10. 6% to 42. 7%. Pronounced heterogeneous dissolution characteristics were observed under all working

conditions, confirming that pore structures control the morphological evolution of mineral dissolution.

Key words: Lattice Boltzmann Method (LBM) , reaction kinetics, mineral dissolution, pore-scale simulation, CO,-

brine-rock system, carbon capture, utilization and storage (CCUS)
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Fig. 1 Schematic of convection-diffusion simulation domain and comparison between analytical solutions and Lattice Boltzmann Method

(LBM) simulation results under different Péclet numbers (Pe)
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Fig. 2 Schematic of convection-diffusion simulation domain with reactive dolomite particles and contour distribution of steady-state

hydrogen ion concentration obtained by LBM simulation
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