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INTRODUCTION  

A. S. Arico `, S. Siracusano, N. Briguglio , V. Baglio, A. Di Blasi,  V. Antonucci , J Appl  Electrochem  43 (2013) 107 ï118  

@ 298 K:   Erev  = 1.23 V  
   Eth  = 1.48 V  

Proton exchange  membrane (PEM) water electrolysis  

is considered the most promising method  

to produce hydrogen with a high degree of purity  

from renewable energy resources!  

The process  is characterized by  
high efficiencies and  

suitable current density  
even at moderate temperatures.  

 
-  Ecological cleanliness  

-  small mass -volume characteristics  
-  no corrosive electrolyte  

-  low maintenance  
 

-  compressed gases  
directly from the electrolyser   
at an increased level of safety  
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INTRODUCTION  

The main disadvantages of PEM electrolysis are  
 

ü high cost:  
 

-  noble metal catalysts  
-  perfluorinated  membranes  
-  titanium current collectors  

 
ü energy loss:  

 

-  oxygen evolution electrode overpotential  
-  polymer electrolyte membrane resistance  

L 

It  is therefore crucial to develop  

optimal oxygen - evolving electro - catalysts  and  

highly conductive, mechanically robust membranes  

in order to minimize energy loss and  

enhance  system durability . 

A. S. Arico `, S. Siracusano, N. Briguglio , V. Baglio, A. Di Blasi,  V. Antonucci , J Appl  Electrochem  43 (2013) 107 ï118  



INTRODUCTION  
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Improvement of  

the proton conducting membrane  
 

Åhigher temperature ( 80 ° C<T<120 ° C) 

Å lower gas permeability  

Å improved mechanical properties  

 

THE GOAL:  

THE STRATEGIES :  

V alternative new polymer systems  
 

V modification of the conventional  

perfluorosulfonic -based polymer system  

(i.e., Nafion  membranes)  
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Nafion -membrane structure: the ñrandom network modelò 

K.D. Kreuer, J. Membrane Sci., 185 (2001) 2  
K. Mauritz, R. Moore, Chem. Rev., 104 (2004) 4535  

 

B. Smitha et al., J. Membrane Sci., 259 (2005) 10  
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Malhotra and Datta first proposed the addition of  INORGANIC SOLID ACIDS   

in conventional membranes such as Nafion.  
 

S. Malhotra, R. Datta, J. Electrochem. Soc., 144 (1997) 23  

 

NANOCOMPOSITE MEMBRANES :  

incorporation of various hygroscopic inorganic particles in the host polymer  

Our choice: 
Superacidic sulfated metal oxide  

IMPROVING WATER RETENTION  
PROVIDING ADDITIONAL ACID SITES  

Why?  

REDUCING GAS CROSS -OVER  
ENHANCING MECHANICAL PROPERTIES  
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Sulfated  zirconia  (SZrO 2)  
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It is recognized as one of the strongest acid among all those known solid!   
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Our  investigations  on the use  of  SZrO 2 as additive in Nafion  membranes :  



The acid strength of a surface is 

the ability of the surface to convert 

an adsorbed neutral base B into its 

conjugate acid BH +  (AB)  

and is expressed in terms of   

Hammet acidity function, Ho , 

which is defined by the following 

equations:  
 

Brønsted acid:  
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Aim of this work: 
 

to investigate the properties of other sulfated metal oxides and their effect as additives  

by comparing the behavior of various composite SMO 2-added Nafion membranes  

 with that of additive - free Nafion systems.   

INTRODUCTION  

S-SnO2 

S. Brutti, R. Scipioni, M.A. Navarra, S. Panero, V. Allodi, M. Giarola, G. Mariotto,  

International J. Nanotechnology 11 (2014) 882-896: 
 άSnO2-Nafion® nanocomposite polymer electrolytes for fuel cell applicationsέ 

 

R. Scipioni, D. Gazzoli, F. Teocoli, O. Palumbo, A. Paolone, N. Ibris, S. Brutti, M. A. Navarra,  

Membranes (2014), volume 4, pp 123-142: 
 άPreparation and characterization of  nanocomposite polymer membranes containing functionalized SnO2 additivesέ 

S-TiO2 
M. Sgambetterra, S. Panero, J. Hassoun, M.A. Navarra,  

Ionics, (2013), volume 19, pp 1203-1206: 
 άHybrid membranes based on sulfated titania nanoparticles as low cost proton conductorsέ 



S-TiO2 

400 °C 

air, 3h 

Krishnakumar B, Velmurugan R, Swaminathan M,  

Catal. Commun 2011, 12, 375 

1-step sol-gel synthesis XRD 

Crystallite size 10.1 ±  0.6 nm 

BET specific surface area 150 m2/g  
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