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ωThe University of Rome Tor Vergata 
is the only Italian University among 
the ones in the QS world's Top 50 
under 50 years old Universities 
(ranked 33rd) 

 

ωIt has been ranked 305th in the Qs 
World University Rankings  (7th 
Italian University out of 27) 

  

UTV: Ranking 



 
 

Facilities 
 

Villa Mondragone Conference Centre: 
built by papal nobility in the 16th 
century, it hosts conferences and 

congresses organized by the 
University. 

University Residence 
1500 beds available in different size apts in a new 
residential structure with green areas, study halls, 

sports facilities minimarket and a cafeteria 

Policlinico Tor Vergata 

a 500 beds University Hospital in wƻƳŀΩǎ suburb 
 



 

ÅSolid oxide fuel cells (SOFCs) 

ÅPolymer electrolyte membrane fuel cells  

   (PEMs & DMFCs) 

ÅBio-energy:  

  - bio-fuel cells (enzymatic & microbial) 

 -  enrgy from waste & waste treatment (MFC & 
MEC: microbial fuel cells and microbial 
electrolysis cells) 

ÅHydrogen storage & purification 

ÅSOFCs, PEMFCs 

ÅReformers 

ÅSystem testing 

Å Hybrid offgrid systems 

 

H2 & FC related activities @ UTV 
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MC&E: techniques 

Structure, Morphology, Thermal properties 

Diffractometry  (XRD) 
Microscopy (TEM; SEM) 
Thermal Analysis (TG/DTA, DSC) 

Spectroscopy 

Electronic Spectroscopy (UV-Vis, CD, Fluorescence) 
Vibrational Spectroscopy (FT-IR) 

Electrochemistry  

Electrochemical Impedance Spectroscopy 
Voltammetry 
Fuel Cell Tests 



MC&E Group: activities 

 

ÁPolymer electrolyte membrane fuel cells (PEM & DMFC): 
Hybrid Electrolytes for high T operation (T > 100 °C):  

Class I (Weak bonds between the inorganic and organic moieties) 

Class II (Covalent bonds between the inorganic and organic moieties) 

Nanofillers with controlled morphology and functionalities 

Electrocatalysts 
 

 
 

ÁBio-energy - bio-fuel cells  
Medical devices, Draw energy from waste, waste treatment 

 

ÁSolid oxide fuel cells (SOFC) 
Electrolytes for intermediate T operation (400-700 °C):  

Oxygen ion and proton conductor ceramic materials 

Analysis of structure/function relationships 

Innovative composition 

New Architectures: thin films 

 
 

 
 

 



MC&E: PEM, DMFC, MFC Electrocatalysts 

Synthesis and characterization of  electrocatalysts for ORR, HER, MOR 

Platinum-based composites 
Pt/C-ZrO2; Pt/C-SZrO2 

SEM and EDS  TEM CV in O2  

FeN4/CNTs 
 

Platinum-free 
Inorganic iron based electrocatalysts 
Iron chelates based electrocatalysts 

Polyindole/ Iron-based electrocatalysts 

O2 + 4 e + 4 H+ 2 H2O  CH3OH + H2O  6 H+ + CO2 + 6e2 H+ + 2e H2



 

polymer blends 

 
 
 
 

 

 

 

   

O/I weak interactions, nanocomposites 

 

develop innovative synthetic procedures to  prepare new 

polymers or hybrid electrolytes to create alternative, additional 

and/or more efficient routes for H+ to move through the 

electrolyte 

  

 

 
 

 

Block copolymers 

 
 
 
 

 

 

 

   

Crosslinking (O/O or O/I covalent bonds)  

 
 
 
 

 

 

 

  

MC&E: Polymeric electrolytes (PEMFC, DMFC) 



Perfluorinated polymers: Nafion 

Composites electrolytes:  incorporation of filler 
particles alters transport properties and decreases 
fuel permeability 

MC&E: Polymeric electrolytes (PEMFC, DMFC) 

F2
C

F2
C

F2
C

F2
C

O

CF2

CFF3C

O

CF2

CF2

SO3H

F2
C

F2
C

F2
C

F2
C C

F2

Aromatic polymers: SPEEK 

O

X

SO3H



H+ conducting inorganics 
Ormosils 

Sulfated ZrO2 

Nano TiO2 

Meso TiO2 

Layered TiO2 (TNS) 

Oranically functionalized oxides 

 

 

20 nm 

MC&E: Polymeric electrolytes (PEMFC, DMFC) 

Along the yearsé. 



In 10 years: 54 publications on international journals on polymeric 
electrolytes 

First: 
V. Baglio, A. Di Blasi, A.S. Aricò, V. Antonucci, P.L. Antonucci, F. Serraino Fiory, S. Licoccia, E. Traversa 
Influence of TiO2 Nanometric Filler on the Behaviour of a Composite Membrane for Applications in 
Direct Methanol Fuel Cells. 
Journal of New Materials for Electrochemical Systems 2004, 7, 275-280. 
 
 
 
 
 
 

 
aƻǎǘ ǊŜŎŜƴǘ όōǳǘ ƴƻǘ ƭŀǎǘΧΦύ 
C. de Bonis, D. Cozzi, B. Mecheri, A. D'Epifanio, A. Rainer, D. De Porcellinis, S. Licoccia 

Effect of filler surface functionalization on the performance of Nafion / Titanium oxide 

composite membranes. 

Electrochimica Acta, 2014, 147, 418-425 
 

MC&E: Polymeric electrolytes results 
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MC&E: Polymeric electrolyte, an example 



MC&E: Polymeric electrolyte, an example 
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Membrane IEC / meqg-1 

SPEEK 1.73 
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1.71 
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RSO3H/SPEEK_10 

1.44 

TiO2/SPEEK_10 1.53 

The highest conductivity 

was recorded for 

TiO2-RSO3H/SPEEK_5, 

even though its IEC was 

not the highest among all 

composites. 



Methanol Permeability 

Anode feed: MeOH 2 M, 2 mLmin-1 

Cathode feed: N2, 150 sccm 

Scan rate: 2 mVs-1 

P=1 atm 

ÇTiO2RSO3H/SPEEK_5 

ÇTiO2RSO3H/SPEEK_10 

ÇTiO2/SPEEK_10 

Ç SPEEK 
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T=80°C 
 

S 66 91 101 

TiO2-R/S_5 55 58 80 

TiO2-R/S_10 37 39 52 

TiO2/S_10 60 74 89 

The lowest jlim was recorded for  

TiO2-RSO3H/SPEEK_10, in the whole range of 

T investigated. This indicated that the 

functionalization strategy was effective to block 

methanol crossover through the SPEEK 

membrane. 

MC&E: Polymeric electrolyte, DMFC tests 
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Power generation increased with increasing filler content, in agreement with proton conductivity 
and methanol permeability data. Moreover, filler presence enhance membrane stability. 
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MC&E: DMFC SPEEK/Ti_RSO3H 

Ç C. de Bonis, D. Cozzi, B. Mecheri, A. D'Epifanio, A. Rainer, D. De Porcellinis, S. Licoccia, Effect of filler 
surface functionalization on the performance of Nafion / Titanium oxide composite membranes, 
Electrochimica Acta 147 (2014) 418 
Ç D. Cozzi, C. de Bonis, A. 5Ω9ǇƛŦŀƴƛƻΣ B. Mecheri, A. C. Tavares, S. Licoccia, Organically Functionalized 
Titanium Oxide / Nafion Composite Proton Exchange Membranes, J. Power Sources 248 (2014) 1127. 



MICROBIAL FUEL CELLS 

Generation of electricity supplying 

microbial foodstuff, such as 

glucose, acetate or even better 

waste water! 

 

Bacteria (attached to the anode) 

oxidize  organic matter producing 

electrons that travel to the cathode. 

 

Part of the activity is due to the 

catalytic action of a microrganism: 

biocatalysts are directly involved in 

the electricity generating reaction. 
 

MC&E: Microbial Fuel Cells and Electrolyzers 



MICROBIAL ELECTROLYSIS 

CELLS 

The MEC is based on modifying a 

microbial fuel cell (MFC) in two 

ways:  

Electrolysis

Heavy Oils 

and Nafta

Coal

4%

18%

30%

48%

 

 

Natural Gas

CURRENT SOURCES OF H2 

PRODUCTION 

adding a small amount of voltage (>0.2 V) 

to that produced by bacteria at the anode;  

and not using any oxygen at the cathode.  

The addition of the voltage makes it 

possible to produce pure hydrogen gas at 

the cathode.  

MC&E: MEC,H2 from waste 



Bioelectrochemical systems are still in the early prototype stage: 

Ç Problems in scale-up 

Ç  Complex processes occurring at the biofilm-electrode interface 

Ç  High cost of materials 

Ç Complexity of substrates 

 

CATHODE COST 

Bio-Electrochemical Systems: limitations & our research 

É Development of low cost and effective catalysts for oxygen 

reduction reaction (ORR) at MFCs cathode to substitute state-of-art 

platinum 

É Energy production via MFCs fed with agro-industrial wastewaters 

É Scale-up of the systems 



Development of low cost and effective catalysts for oxygen reduction reaction 

(ORR) at MFCs cathode to substitute state-of-art Pt: 

Decreasing Pt Loading (Composite Pt/transition metal oxides catalysts), 

Replacing Pt with non noble metals 

Pt-free cathodes 
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Figure 1: SEM micrographsof C, ZrO2-C_10, ZrO2-C_25, and ZrO2-C_75. 

 

 

 

Figure 2: Cyclic voltammetryof C, ZrO2-C_25 and ZrO2 under N2- and O2-saturated PBS 

(scan rate 100mVs
-1

). 
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Significant improvement 

indicated by joint analysis 

of performance and costs 

MC&E: MFC catalysts 



Ç Membrane-less configuration results in low internal resistance 

Ç Air-cathode enables the use of oxygen from air and avoids the 

need for aerating the water or using chemical catholytes 

Ç Reduction of cost in comparison with double chamber 

configuration and liquid cathode 

 

CATHODE : 

PtC/SZr modified  

carbon cloth 

ANODE 

Graphite fiber 

brush 

Domestic wastewater + PBS 

containing acetate 

MC&E: cell design 



MC&E: MFC performance and stability 

High and reproducible voltage cycles for 
700 h after inoculation 

The cell equipped with FePc-PID-CNT 1:1 
cathode showed maximum voltage as 
high as that of the cell equipped with 

reference Pt/C cathode (540 mV) 
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The electrochemical performance of 

FePC-PID-CNTs 1:1   

(PD = 731 mW/m2 , E (1kɋ)= 547 V,  

J = 5632 mA/m2) 

is higher than that of Pt/C  

(PD = 622 mW/m2 , E (1kɋ) = 538V,  

J =5481mA/m2) 



MC&E: MFC tests, Pt-free cathode 

Material 
Price  

(ú g-1) 

Price  

(ú mW-1) 

C 0.65 0.077 

ZrO2-C_10 0.82 0.085 

ZrO2-C_25 1.08 0.090 

PtC 26.6 1.40 

Power Density curves of MFCs assembled with ZrO2-C_25 and 

Pt/C as cathodes recorded within 20 days of operation 
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Å Minh-¢ƻŀƴ bƎǳȅŜƴΣ .ŀǊōŀǊŀ aŜŎƘŜǊƛΣ !ƭŜǎǎŀƴŘǊŀ 5Ω9ǇƛŦŀƴƛƻΣ ¢ƻƳƳȅ Pepè Sciarria, Fabrizio Adani, Silvia 
Licoccia, Iron chelates as low-cost and effective electrocatalyst for oxygen reduction reaction in microbial 
fuel cells, 2014, International Journal of Hydrogen Energy, 39, 6462-6469 
 
Å Minh-¢ƻŀƴ bƎǳȅŜƴΣ .ŀǊōŀǊŀ aŜŎƘŜǊƛΣ !ƭŜǎǎŀƴŘǊŀ 5Ω9ǇƛŦŀƴƛƻΣ {ƛƭǾƛŀ [ƛŎƻŎŎƛŀΣ Iron/Polyindole-based 
Electrocatalysts to Enhance Oxygen Reduction in Microbial Fuel Cells , 2014, Energy & Environmental 
Science and Technology, submitted for publication 

MC&E: MFC, some references 



MC&E: Agro-industrial Wastewater 

Olive mill wastewater 

Dairy industry wastewater 

Wine lees 



MC&E: Electricity generation using white and red wine lees 

 T. Pepè {ŎƛŀǊǊƛŀΣ DΦ aŜǊƭƛƴƻΣ .Φ {ŎŀƎƭƛŀΣ !Φ 5Ω9ǇƛŦŀƴƛƻΣ .Φ aŜŎƘŜǊƛΣ {Φ Borin, S. Licoccia, F. Adani, Electricity generation 
using white and red wine lees in air cathode microbial fuel cells, 2014, Journal of Power Sources, in press 

Wastewater pre-treatment 

Both winery lees were diluted, performing this 

fist approach, due to high levels of organic 

compounds (TCOD å140 g L-1 for red wine 

lees and TCOD å230 g L-1 for white wine lees) 

and low pH (å 3.5 for both lees). 

Parameter WWL RWL 

TCOD /gL-1 6.4±0.1 10.1±0.3 

BOD5 /gL-1 6.0±0.2 3.3±0.2 

BOD5/TCOD 0.93 0.33 

Polyphenols 15±6 180±12 



Wastewater treatment efficiency 

VFA  / mgL-1 
WWL 

in/out 

RWL 

in/out 

Acetate 
11.1±0.7 

78.2±3.4 

33.1±1.8 

123.6±5.7 

Propionate 
u.d.l.  

u.d.l. 

u.d.l. 

5.64±0.1 

Butyrate 
u.d.l.  

u.d.l. 

u.d.l. 

39.63±2.1 

The chemical analysis of waters confirmed 

the higher biodegradability of WWLs that 

RWLs.  

Moreover,  VFA accumulation and pH 

reduction were responsible for the low 

performance of MFCs fed with RWLs 

(inhibition of electron transfer bacteria). 

pH 
6.92±0.04 

6.74±0.08 

7.00±0.06 / 

6.22±0.23 



MC&E: Electricity generation using olive mill wastewater 

 T. Pepè Sciarria, A. TencaΣ !Φ 5Ω9ǇƛŦŀƴƛƻΣ .Φ aŜŎƘŜǊƛΣ DΦ aŜǊƭƛƴƻΣ aΦ .ŀǊōŀǘƻΣ {Φ Borin, S. Licoccia, V. Garavaglia, F. 
Adani, Using olive mill wastewater to improve performance in producing electricity from domestic wastewater by 
using single-chamber microbial fuel cell. 2013, Bioresouce Technology, 147, 246-253 

Wastewater pre-treatment: mix of DW & OMW 

Organic carbon is better bio-degraded in OMW 
The high energy produced by the MFCs fed with 

OMW + DW suggested that OMW represent a driving 
factor in the selection on the anode of a more 
efficient exoelectrogen bacterial consortium. 



MFCs: cell configuration and scalability 

Double chamber 

configuration 

Single chamber 

configuration 



MFCs: cell configuration and scalability 

http://mech2.uniroma2.it/ 

From lab 

To prototype 



MC&E Group: SOFC electrolyte 

Proton Conductor Oxides (500-800
 

C): BZY low conductivity due to poor sinterability 
which causes large grain boundary resistance, BCY high conductivity but low chemical 
stability 

 Optimizing Sol-Gel Synthesis Procedure and tailoring composition leads to: 
Chemical stability in CO2 containing atmpsphere, improved sinterability, 

Improved FC performance 

BaCe0.3Zr0.5Y0.2O3-

Å Fabbri, E., D'Epifanio, A., Di Bartolomeo, E., Licoccia, S., Traversa, E.: Tailoring the chemical stability of Ba(Ce0.8 - 
xZrx)Y0.2O3 - ɻ  protonic conductors for Intermediate Temperature Solid Oxide Fuel Cells (IT-SOFCs (2008) Solid 
State Ionics 179, 33, 558-564 

Å D'Epifanio, A., Fabbri, E., Di Bartolomeo, E., Licoccia, S., Traversa, E.:  Design of BaZr0.8y0.2O3-ʵ protonic 
conductor to improve the electrochemical performance in intermediate temperature solid oxide fuel cells (IT-
SOFCs) (2008) Fuel Cells 8, 1, 69-76 

 



MC&E Group: SOFC electrolyte 

Proton Conductor Oxides (500-800
 

C): fabrication of a bilayer electrolyte  
Thin film deposition: an highly conductive and chemically stable proton conductor 
electrolyte was developed using PLD to deposit a protecting thin layer of BZY onto a 
sintered BCY pellet 

  BaZr0.8Y0.2O3-ʵ (BZY) protecting 
layer:  high chemical stability 

 

 BaCe0.8Y0.2O3-ʵ (BCY) pellet 
substrate: high conductivity 

 

Pulsed Laser Deposition (PLD) :  
 high control in film microstructure 

 

No evidence of chemical 

interdiffusion in the bilayer 

Å Fabbri, E., D'Epifanio, A., Sanna, S., Di Bartolomeo, E., Balestrino, G., Licoccia, S., Traversa, E.: A novel single 
chamber solid oxide fuel cell based on chemically stable thin films of Y-doped BaZrO3 proton conducting 
electrolyte. 2010) Energy and Environmental Science 3, 11, 618-621  

Å Fabbri, E., Pergolesi, D., D'Epifanio, A., Di Bartolomeo, E., Balestrino, G., Licoccia, S., Traversa, E..  Design and 
fabrication of a chemically-stable proton conductor bilayer electrolyte for intermediate temperature solid oxide 
fuel cells (IT-SOFCs). (2008) Energy and Environmental Science 1, 4, 355-359 



MC&E Group: SOFC electrolyte 

Alternative fabrication: Anode supported protonic fuel cells were successfully fabricated 
using EPD. Stable and reproducible hydrogenςair fuel cell tests using BaCe0.9Yb0.1O3ςɻ 
measuring a maximum power density of 296 mW cmς2 at 700 
 

C.  

Zunic, M., Chevallier, L., Deganello, F., D'Epifanio, A., Licoccia, S., Di Bartolomeo, E., Traversa, E: 

Electrophoretic deposition of dense BaCe0.9Y0.1O3-x electrolyte thick-films on Ni-based anodes 

for intermediate temperature solid oxide fuel cells.(2009) Journal of Power Sources 190, 7, 417-

422. 



Alternative fabrication: a reproducible spin coating method to fabricate highly 

performing anode supported button cells with dense micrometric BZYZn electrolyte 

layers has been developed. The electrochemical characterization of button cells at 

600 C shows promising performance, higher than that of comparable fuel cells from 

literature. 
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Alternative fabrication: eliminate grain boundary in BZY. Large impact of the BZY 

morphology on its electrical properties. Conductivity values about two orders of 

magnitude larger than the conductivity of sintered pellets of the same material and 

of different electrolytes 
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The acitvity of the Pulsed Laser Deposition research 

group is focused on the development of new 

nanostructured materials and the characterization of 

their physical properties. The group has an established 

experience in growing, by laser assisted 

photodeposition, thin films and heterostructures with 

different functional properties: high critical temperature 

superconductors, magnetic materials, piezoelectric 

materials and materials for applications in the "fuel 

cells" field in collaboration with MC&E group. 

ωPLD is a technique suitable for the growth of complex metallic 
oxide thin films and hetero-structures.  
ωStoichiometric reproduction of the target 
ωPossibilty to control crystal structures 
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SDC has a high ionic conductivity and is one of 
the best candidates to be used as an 
electrolyte in SOFC at IT, but showing a high 
instability and degradation. SDC films were 
grown on MgO substrate. The stability of the 
films was significantly improved by using a 
buffer layer of SrTiO3 (STO), which improved 
the crystallographic properties of SDC. The 
absence of grain boundaries in the SDC/ 
STO/MgO heterostructure enhanced the 
stability to the oxidation-reduction cyclic 
processes in atmosphere with hydrogen. 


