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A scale-up graphene-membrane based centrifuge with a hierarchical multi-scale pore structure designed for reverse osmosis desalination was proposed. We propose a macroscale rotating centrifuge that has micron size pores on the wall of the centrifuge, and nano-scale pores on local graphene membrane patches that cover the micron-size pores so that it can perform desalination task at industrial scale.

The proposed co-axial membrane centrifuge device has a strong possibility of resolving all three main critical issues for nano-materials based membrane technology in desalination. In specific, it has (1) Scalability, (2) Self-assisted anti-fouling mechanism, and (3) Low energy consumption. A successful fabrication of such nanoporoous centrifuge may potentially revolutionize the membrane desalination technology by providing a fundamental solution to water resource problem.
In this work, we derived the critical angular velocity that is required for the centrifugal force or pressure to counter-balance osmosis force or pressure, so that the reverse-osmosis (RO) desalination process can proceed. To validate this result, we conducted a large scale (four million atoms) full atom molecular dynamics (MD) simulation to exam the critical angular velocity required for reverse osmosis at nanoscale. It is showed that the analytical result derived based on fluid mechanics and the numerical result observed in MD simulation are consistent and well matched. The main advantage of such nano-material based centrifuge is its intrinsic anti-fouling ability to clear Na+ and Cl- ions accumulated at the vicinity of the pores because of the Coriolis effect.
Molecular dynamics modeling and analyses have been conducted to study the relation between osmotic pressure, centrifugal force, and water permeability. It is found that the minimum energy required by the model is at the low end of RO desalination.

