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Highlights
· Crystal nucleation and growth of NaCl in membrane-assisted crystallization were investigated
· PVDF with graphene speeded up crystal nucleation in comparison to. pristine PVDF

1. Introduction
Membrane-assisted crystallization is an emerging membrane process with the capability to extract simultaneously fresh water and valuable components from various streams: crystal nucleation and growth are carried out in a well-controlled pathway by using a porous hydrophobic membrane. Successful application of crystallization for produced water treatment, seawater desalination and salt recovery has been demonstrated [‎1–2]. Nano-composite membranes enriched with two-dimensional (2D) materials are becoming promising in membrane technology because they can assist mass transfer through membranes under specific conditions [3]. The understanding of crystal nucleation is far from complete [4]. This is because the molecular details of the process appear in a very small length scale of the order of nanometers, and they are, by definition, unstable and therefore form only transiently, so they are quite challenging to probe even in real time. However, today, with state-of-the-art measurements, nucleation has also been observed at the molecular scale [5]. Computational modelling and in particular molecular dynamics (MD) provide exciting insights into the mechanisms of such phenomena and enable kinetic and thermodynamic quantities to be estimated [6].  Here, we present the results from molecular dynamics simulations of the crystal nucleation and growth of a sodium chloride solution in contact with hydrophobic polymer surfaces of polyvinylidene fluoride (PVDF) containing also graphene at 5% wt and at 10% wt. In parallel, membrane crystallization experiments were performed utilizing the same kind of polymeric membranes in order to compare the experimental findings with the computational data.
2. Methods
Unbiased molecular dynamics simulations using all atom were performed for the investigation of the feasibility of growing NaCl crystals. The initial amorphous PVDF model (density of 1.9 g/cc) was constructed using the amorphous cell module in the commercial software, Material Studio package (version 7.0) of BIOVIA Dassault Systemes [7] and the COMPASS force field [8]. All MD simulations were then performed using the GROMACS software package, version 5.1.4 [‎9]. After equilibration, production runs of 200 ns were carried out.
3. Results and discussion
Crystals obtained from crystallization experiments and simulations showed the characteristic cubic block-like form in accordance with the expected geometry of the NaCl crystals. 
Lower nucleation time and crystal growth rate were observed for PVDF with Graphene at 5% and 10% wt systems in comparison with the pristine PVDF indicating that the aggregation of Na+ and Cl- in crystals was faster for membrane systems containing Graphene that native PVDF (Figure 1). 
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Figure 1.  Percentages of ion in crystals after 200 ns of simulations.
4. Conclusions
Both experimental tests and MD simulations demonstrate that the chemical composition of the membrane surface affect the crystallization of salts in nucleation grow rate, crystal size and shape: the nanomaterials influence kinetics of crystal formation, reducing the nucleation times.
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