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Correction: Rehman et al. Nanocomposite Membranes for
PEM-FCs: Effect of LDH Introduction on the Physic-Chemical
Performance of Various Polymer Matrices. Polymers 2023, 15, 502
Muhammad Habib Ur Rehman 1, Ernestino Lufrano 1,* and Cataldo Simari 1,2,*

1 Department of Chemistry and Chemical Technologies, University of Calabria, 87036 Rende, Italy
2 National Reference Centre for Electrochemical Energy Storage (GISEL)—INSTM, Via G. Giusti 9,

50121 Firenze, Italy
* Correspondence: ernestino.lufrano@unical.it (E.L.); cataldo.simari@unical.it (C.S.);

Tel.: +39-0984-493385 (C.S.); Fax: +39-0984-492044 (C.S.)

In the original publication [1], the authors identified a mistake in Figure 3a as pub-
lished. The raw data for the XRD spectra of sPSU/LDH membrane were reported twice
as sPSU/LDH and sPEEK/LDH. The corrected Figure 3a appears below. The authors
state that the scientific conclusions are unaffected. This correction was approved by the
Academic Editor. The original publication has also been updated.
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To clarify the nature of the various composite membranes, i.e., conventional nano-
composite with stacked nanoparticles, intercalated one, or exfoliated nanocomposite, X-
ray diffraction (XRD) analysis was carried out. XRD patterns of the various membranes 
are illustrated in Figure 3a, in comparison with that of the Mg/Al-NO3- LDH powder. 
Clearly, the spectra of Nafion, sPEEK, and sPSU is characterized by the presence of a sin-
gle broadband in the 2θ range of 12–30 degree, indicating all the bare membranes are 
completely amorphous. Worth noting, in all the nanocomposite membranes there is no 
evidence of the typical diffraction peaks of staked LDH platelets (which exhibit a major 
diffraction peak at 2θ = 10.1°), indicating the nanolamellae lost their stacking. This pro-
vides clear evidence of the fact that the solution intercalation procedure allows for obtain-
ing completely exfoliated membranes. 
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Figure 3. (a) XRD patterns and (b) DMA thermograms for the Nafion-based, sPEEK-based, and 
sPSU-based membranes. 

Without adequate thermomechanical resistance, an electrolyte membrane could not 
meet the needs for membrane electrode assembly (MEA) fabrication in the fuel cell. Con-
sequently, Dynamic Mechanical Analysis (DMA) was used to obtain crucial information 
about the viscoelastic properties of the investigated membranes. In this regard, Figure 3b 
illustrates the temperature variation of the storage modulus for the Nafion-based, sPEEK-
based, and sPSU-based PEMs. The mechanical resistance increases in the order of Nafion 
< sPEEK < sPSU being their storage modulus 18.5 MPa, 79.1 MPa, and 390.8 MPa, respec-
tively. It is worth noting that the sPSU membrane is able to ensure impressive mechanical 
strength (i.e., its storage modulus is 21-fold higher than Nafion) as well as outstanding 
thermal resistance. Indeed, while E’ for Nafion starts decreasing at a temperature above 
80 °C, the storage modulus of sPSU remains almost stable until ca. 200 °C. The outcome 
holds promise for the successful utilization of sPSU under PEM-FCs operating under very 
high temperatures. Following the introduction of the LDH nanoplatelets, the storage mod-
ulus increases with respect to the virgin polymers, no matter the hosting matrix. However, 
while the enhancement is quite moderate in the case of Nafion/LDH, it became significant 
in the case of sPEEK/LDH and sPSU/LDH. Noticeably, E’ increases to a similar extent for 
the two nanocomposite membranes based on polyaromatic polymers: storage modulus of 
the sPEEK/LDH and sPSU/LDH membranes is almost 80% higher with respect to the bare 
polymers. Such an impressive increase in membrane resistance is quite typical for nano-
composite membranes comprising 2D-layered materials [48,64,65]. The outcome can be 
ascribed to the inherent capacity of this class of fillers to generate a nacre-like structure 
[66]. Indeed, the anionic clays experience strong electrostatic interaction with the 
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Figure 3. (a) XRD patterns and (b) DMA thermograms for the Nafion-based, sPEEK-based, and
sPSU-based membranes.
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