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Computing Fick diffusion coefficients using
equilibrium molecular dynamics for binary mixtures
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Scaling up renewable energy production needs to be accompanied by a concomitant scaling of storage tech-
nologies. In this regard, hydrogen (H<sub>2</sub>) is an attractive energy carrier due to its large specific
energy capacity and its clean combustion products. However, its low mass density requires gigantic vol-
umes (billion m<sup>3</sup>) to store energy in the order of TWh. Geological formations such as depleted
gas reservoirs conveniently provide these large volumes. To maintain a safe operational pressure range, a
cushion gas is introduced into the reservoir, which expands and compresses during the storage cycles of
H<sub>2</sub>. A large compressibility of this gas maximizes the storage capacity of H<sub>2</sub> dur-
ing injection, and minimal mixing facilitates an efficient recovery of pure H<sub>2</sub> during production.
Among many options such as nitrogen, methane and H<sub>2</sub> itself, carbon dioxide is also considered
a suitable cushion gas due to its large compressibility at supercritical conditions<sup>[1]</sup>.

On timescales relevant to storage (weeks to years), the cushion gas will mix with H<sub>2</sub> through
molecular diffusion and flow-induced mechanical dispersion. This work focuses on molecular diffusion, as the
first step towards quantifying mixing of the stored H<sub>2</sub> and the cushion gas. According to Fick’s
law, the diffusing mass flux is a product of gradient in mole-fraction and the (molecular) diffusion coefficient
D. Fick diffusion coefficients exhibit strong dependencies on thermodynamic variables such as the mixture
composition, temperature T, and pressure P. In this work, we compute D at various mixture compositions
using equilibrium molecular dynamics<sup>[2]</sup> for P ∈ [20,300] bar and T ∈ [250,350] K for various
binary gas mixtures. The analytic expression for diffusion coefficients based on kinetic theory of gases de-
viates significantly from our predictions - thus emphasizing the need to account for molecular interactions.
Furthermore, we provide fit functions to enable fast and accurate prediction of diffusion coefficients at reser-
voir conditions, which are beneficial for reservoir flow simulators. Finally, the phase equilibria of these gas
mixtures are also predicted using molecular simulations.
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