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Effect of membrane profiles on the Limiting Current Density in Electrodialysis.
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Highlights
· LCD measurements in real ED stacks are presented.
· Different profiled membranes are tested.
· LCD performance of profiled and flat membranes are compared. 

1. Introduction
Limiting Current Density (LCD) is a crucial parameter in electrodialysis (ED), and depends mainly on membrane surface properties [1] and on concentration polarization phenomena [2]. The latter are influenced by fluid dynamic aspects related, above all, to the characteristics of the spacers used in the channels. When profiled membranes [3] are used to create the channel thickness in stacks without spacers, the modification of the membrane surface and the presence of active membrane areas in directions not orthogonal to the current affect the LCD. Also the profile type is expected to have an effect on the LCD. In the present work, we experimentally investigated the effect of different membrane profiles on the LCD, testing also different operating conditions. The performance of profiled membranes and flat membranes (with spacers in the channels) were compared. The results were also used to validate our ED process model.
2. Methods
A crossflow ED stack, consisting of 10 cell pairs, with an active area of 10×10 cm2 was used. Fujifilm membranes profiled with pillars or with overlapped cross filaments were tested. Inlet concentrations of NaCl ranging from 0.5 to 60 g/l and inlet velocities in the range 0.25 – 2 cm/s were examined. Current-voltage curves were built by chronopotentiometric measurements, thus identifying the LCD. Results obtained with profiled membranes were compared with data previously obtained with flat membranes and spacers [4]. Moreover, the experimental results were compared with the predictions of a one-dimensional process model [4], in which all the non-ideal transport phenomena through the membranes (osmosis, electro-osmosis, salt diffusion) are considered. The model predicts also concentration polarization by correlations for the Sherwood number obtained from computational fluid dynamics (CFD) simulations.

3. Results and discussion
We observed that the current-voltage curves show different trends depending on the membrane profile type present in the diluate compartment. In particular, when the profiles of the anion exchange membrane (AEM) are in the diluate compartment (blue symbols in Figure 1), the i-V curve changes slope at higher currents, thus leading to higher LCD values. However, this configuration exhibits lower LCD values compared to a stack equipped with flat membranes and net spacers (empty symbols in Figure 1), which can be attributed, at least in part, to a poorer mixing promotion.
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[bookmark: _GoBack]Figure 1.  Current-voltage curves obtained with AEM profiles in diluate (blue symbols), with CEM profiles in the diluate (orange symbols) and with flat membranes and spacers (empty symbols). NaCl inlet concentration was equal to 0.5 g/l in both the concentrate and the diluate. Velocity was equal to 2 cm/s in both compartments.
4. Conclusions
In this work, we studied the influence of the membrane profiles on the LCD in ED units. We observed that the configuration with AEM profiles in the dilute channel is preferable, as provides higher LCD values. However, improved geometries have to be designed in order to enhance the performance with respect to conventional net spacers.
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