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Correlation between physicochemical properties and blending time for sepiolite and halloysite inside 
Nafion matrix of proton exchange membrane (PEM) used in fuel cell
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Nafion is selected as a standard material in proton exchange membrane fuel cell (PEMFC) application to prepare 
perfluorosulfonic acid (PFSA) membranes due to its physicochemical properties such as chemical stability, good 

mechanical stability, and proton conductivity. However, Nafion membrane shows reduced properties above 80°C and at low 
relative humidity. Hence, sepiolite nanofiber (SEP) and halloysite nanotubes (HNT) are proposed to be used as a nanoclay filler 
within membrane to overcome such limitations. This study introduces the relationship between physicochemical properties 
and blending time for SEP and HNT inside Nafion matrix. The blending time impacts the homogeneity of the composite which 
is directly related with the performance. The homogeneity was checked through chemical analysis of silicon (Si) and fluorine 
(F) contents across the membrane (see Figs. 2 and 3). The shorter the blending time, the better the homogeneity. In the study, 
water uptake and thickness swelling of composite membranes displayed improved values compared with those of pristine 
Nafion membrane. Whatever the composite, as a general rule, the shorter the blending time the better the performance. This 
indicates that Nafion/SEP and Nafion/HNT dispersions blending for short time can surprisingly form more homogenous 
composite membranes resulting in decreased swelling.

Fig. 1: Photo images regarding  pristine Nafion blended for 
24h (a), 5h (b), 1h (c). Nafion/SEP blended for 24h (d), 5h (e), 1h (f), and 
Nafion/HNT blended for 24h (g), 5h (h), 1h (i). 

Fig. 2: Cross sectional images of Nafion/SEP-24h (a, c) -5h (e), -1h (g), 
Nafion/HNT-24h (b, d), -5h (f), -1h (h) membranes observed using FE-
SEM.
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Fig. 3: Si/F atomic ratio (%) of Nafion/SEP and Nafion/HNT composite 
membranes analyzed using EDS.

Fig. 5. Swelling ratio regarding pristine Nafion, and SEP or HNT-loaded 
composite membranes.

Fig. 4: Water uptake of pristine Nafion and composite membranes 
incorporated with SEP and HNT.

Fig. 6: Ion exchange capacity (IEC) regarding pristine Nafion and Nafion 
composite membranes incorporated with SEP and HNT.


