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American cation-exchange perfluorinated membrane Nafion-117® (DuPont de Nemours) and its 
Russian analogue MF-4SC (JSC Plastpolymer) are among the mostly used as separators in fuel cells, 
electrolyzers, electrodialyzers, sensors and investigated ion-exchange materials. Surface and spatial 
modification of ion-exchange membranes by incorporation of different inorganic dopants allows to change 
their characteristics: stability and structural properties as well as ion and molecular transport [1]. This poses 
the priority problem of a reliable characterization of the newly created hybrid nanocomposites 
membranes. Here we propose to solve this problem for bilayer hybrid membranes, based on a theoretical 
examination of the electrodiffusion transport and our own experimental data for monolayer membranes. 
As a dopant, halloysite and platinum nanoparticles were used. Halloysite nanotubes of 2% by weight were 
added to one of the membrane layers during its synthesis by casting method. Bilayer membranes consisting 
of a thick layer of a pure perfluorinated membrane MF-4SC and a thinner layer of the same membrane 
modified by halloysite nanotubes, functionalized with platinum nanoparticles were investigated. The study 
of the transport characteristics of perfluorinated membranes after their modification showed that the 
diffusion permeability of hybrid membranes is somewhat lower in comparison with the initial (pure) 
membrane. The integral coefficient of diffusion permeability of the modified membrane decreases by 50-
55%. This suggests that under the operating conditions of the fuel cell the crossover through the modified 
membranes will be lower. The electric conductivity of membranes increases after modification. The 
greatest effect of increasing the electric conductivity (by about 30%) was noted for a sample modified with 
halloysite and Pt. Since the observed changes in the structural characteristics cannot cause such an increase 
in the conductivity of the samples, the possible cause of this effect can be the contribution of the electronic 
conductivity of the metal. Thus, the modification of the perfluorinated membrane by the halloysite 
nanotubes with platinum nanoparticles deposited on their outer surface does not lead to a noticeable 
change in the structure of the membranes and does not worsen their transport properties.  

One of the samples revealed a weak asymmetry of diffusion permeability and the current-voltage 
characteristics. Using the physicochemical parameters of monolayer membranes obtained earlier, the 
dependence of the diffusion permeability of the bilayer composite on the electrolyte concentration is 
described with satisfactory accuracy. The numbers of water transport and the selectivity of hybrid 
membranes, as well as their power characteristics in the membrane-electrode block of the fuel cell, were 
studied. The introduction of halloysite leads to a decrease in both parameters, and the subsequent addition 
of platinum compensates for the negative effect of halloysite adding: the maximum specific power 
becomes higher than for the original (pure) membrane, the range of operating current densities increases. 
This makes it possible to predict the effective use of hybrid membranes based on MF-4SC and halloysite 
nanotubes with platinum nanoparticles, not only as separating diaphragms in fuel cells and 
electromembrane devices, but also as promising catalytic systems. 
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