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Graphene oxide(GO) is an extremely well studied 2D material that is seen as prospective
for a range of applications from supercapacitors to water treatment membranes. It is
generally believed that the superior performance of this material stems from the very
rapid movement of ions and other small molecules through its parallel channels.
However, many of these studies consider only ion permeation, without considering the
independent parameters of solubility and diffusivity. In our recent work, we have
determined the solubility of a range of ions in GO membranes across a range of
concentrations. We observe magnesium ion concentrations nearly 100 times higher
than in the external solution. We also observe that the concentration of the chloride
anion is always greater inside the membrane than in the external solution, even though
the membrane is negatively charged. We model these results using a combination of
Donnan equilibria for the electrostatic interactions and a chemical interaction
parameter. We show that this chemical interaction parameter can be characterised as
an activity coefficient, an attraction term or as an excess solvation energy – all three
approaches can be considered equivalent. In contrast to this fundamental work, we
have also recently tested a commercial graphene oxide membrane for use in dairy
ultrafiltration. In this case, the superior performance of the GO membrane arises from
the very thin nature of the GO active layer which is placed over a porous polymer
substrate. We find that the GO membrane provides higher flux than an equivalent
polymer membrane of 10 kDa, both when tested at laboratory scale and within a pilot
scale spiral wound module during ultrafiltration of sweet whey. The fouling rate of both
membranes is equivalent. Overall, the GO membrane offers strong promise for reducing
the energy demand of this dairy process.
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