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Universita degli Studi di Romaror Vergata

Founded: 1982
A 600-ha (6 Km?) campus in the south-
eastern suburb of Rome

Ca. 39 000 students (6% from abroad),
1335 Academics, 980 staff, 6 Schools
(Economics, Engineering, Humanities,
Law, Medicine, Science), 19 Departments,
112 different Degrees, 31 PhD Courses,
214 Specialization courses, PTV
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UTV: Ranking

w The University of Rome Tor Vergata
IS theonly Italian University among
the ones in the QS world®op 50
under 50years old Universities
(ranked 33

w It has been ranked 30@5n the Qs
World University Rankings (7
Italian University out of 27)




Facilities

Villa Mondragone Conferendeentre: UniversityResidence
built by papal nobility in the 16 1500bedsavailablein different sizeaptsin a new

century, it hosts conferences and residential structure with green areas, study hal

congresses organized by the
University.

sports facilities minimarket and a cafeteria

Policlinico Tor Vergata
a500bedsUniversityHospital inw 2 Y Isuarb

PTV

FONDAZIONE PTV
POLICLINICO TOR VERGATA




H2 & FC related activities @ UTV

—

A Solidoxide fuel cells(SOFCs)
A Polymerelectrolyte membranefuel cells
(PEMs& DMFCs)
A Bio-energy. Department of
- bio-fuel cells(enzymatic& microbial) — Chemical

- enrgy from waste & waste treatment (MFC& _Src:lehncel and
MEC microbial fuel cells and microbial echnology
electrolysiscells)

A Hydrogenstorage& purification
A SOFCPEMFCs o
A Reformers

A Systemtesting

A Hybrid offgrid systems

Department of Industrial
Engineering
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Materials Chemistry & Engineering Group
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Structure,Morphology, Thermaproperties £
Diffractometry (XRD) e
Microscopy(TEM SEM) \\\ . \/
ThermalAnalysi TGDTA,DSC) [

Spectroscopy

ElectronicSpectroscopfU\-Vis,CD,Fluorescence) ;Z:}'*?;Ag_
VibrationalSpectroscop{FFIR) p =

Electrochemistry

Electrochemicdimpedance Spectroscopy

Voltammetry o B I ol

FuelCellTests 7, VR Y o ﬁ i
] [mpl o o NN A'Y %I:Elvﬂ-

Current densiy (mA/em?) Potentia IstAslAgcl Re(Z)(ohm)



E] MC&E Group: activities

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

Class | (Weak bonds between the inorganic and organic moieties)
Class Il (Covalent bonds between the inorganic and organic moieties)
Nanofillers with controlled morphology and functionalities

Electrocatalysts

A Bio-energy - bio-fuel cells

Medical devices, Draw energy from waste, waste treatment

A Solid 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, MEIectrocatalysts

Synthesis and characterization adlectrocatalystfor ORR, HER, MOR

O,+4e+4H == 2 H,0O 2 H* + 2e=—= H> CH3OH+HZO‘——‘6H++COZ+6e
_ _ Platinum-free
Platinumbasedcomposites Inorganiciron basedelectrocatalysts
PYC-ZrO,, PYC-SZrQ Iron chelatesbasedelectrocatalysts

Polyindolélron-basedelectrocatalysts

06
054 O, saturated solution

—— FeEDDHA/CNTSs
— — FeEDDHA/C
04 - - - FeNTA/CNTs
034 —---FeNTA/C

0.24
0.14
0.04
014
-0.2 4
-0.34 5
-0.44 ;

Current density (mA cm~)

-0.54

-0.64

-0.74

-0.84

0.9 T T T T T T T

-1.0 -08 -06 -0.4 -0.2 0.0 0.2 04 06
Voltage (V vs. SCE)

CVinO,

eV

SEM and EDS
FeN,/CNTs



MC&E: Polymeric electrolytes (PEMFC, DMFC)

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 AN : ‘j—‘ For
Crosslinking (O/O or O/l covalent bonds) m; S
polymer blends AN
A
Te A

kS

"\'\M

O/l weak interactions, nanocomposites ‘LL"'-,_‘

”Y




MC&E: Polymeric electrolytes (PEMFC, DMFC)

Perfluorinated polymers: Nafion Aromaticpolymers SPEEK

F, Fo Fo Fo Fy Fy Fy Fo

—Cc-c-c¢c-C-C-C-C-C—
. F2 SO3H
CF,

' OO

FsC—CF
; LT
CF, X

CF,

SO4H

\f:r‘_,.r'é_z “'""%.% Composites electrolytesincorporation of filler

§ A particlesalterstransport propertiesand decreases
& & fuel permeability
&,
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MC&E: Polymeric electrolytes (PEMFC, DMFC)

S
fi% g;& Along the yearsé .

&,

H* conducting inorganics
Ormosils

Sulfated ZrO,

Nano TiO,

Meso TiO,

Layered TiO, (TNS)

Oranically functionalized oxides




MC&E: Polymeric electrolytes results
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In 10years 54 publicationson internationaljournalson polymeric

electrolytes

First:

V. Baglio, A. Di Blasi, A&icg V. Antonucci, P.L. Antonuc€EiSerrainoFiory S. Licoccia, E. Traversa
Influence of TiONanometricFiller on theBehaviouof a Composite Membrane for Applications in
Direct Methanol Fuel Cells.

Journal of New Materials for Electrochemical Syst@6t, 7, 275280.
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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 electrolyte, an example

(I)I\/Ie (I)Me
Y ES)MSH ES)MSQ,,H
OH 3-MPTMS, H H
toluene H,O, 40%w/v
OH =———> OH —— OH
80°C, 18h OIMe 50°C, 6h OIMe
OH O=SINASH O=SINASQH
H |
© OH OMe OH OMe

Characterized by FTIR, TG/DTA,
El. An. etc.

TiO, RSO,H




MC&E: Polymeric electrolyte, an example
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p_?Me / meag
: Membrane IEC / meq
!S)MSQH SPEEK 1.73
SOzH e :

1.71

O TIO-
\©\ /©/+ OH RSQH/SPEEK_5
N Qe TiO- 1.44

O—?W\SQH RSQH/SPEEK_1!

OH OMe TIO/SPEEK_10 1.53
0.050 :
Th h h t d t t 0.045 :::gmﬁggg{zzg@ﬁ/smw —s"
e nignest conaucuvity 0.040] | " 5% Ti02-RSO3H /.4_i.
: 7] —m— SPEEK u n
was recorded for = oos] //
TiO,-RSO;H/SPEEK _5, ¢ 0030 /
even though its IEC was £ ooy .
- S 0.020 A u /l
not the highest among all ER .
) 8 ] IEC:1.71./l /
composites. oo | EEZRITT
0.0054 IEC=1.55m— RH=100%
0-000- T T T T T T T T T T T T T
0 20 40 60 80 100 120
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Methanol Permeability

TiO,RSO,H/SPEEK_5
C TiO,RSO,H/SPEEK_10
C TiO,/SPEEK_10
C SPEEK

100

%7 T=70°C
60

40 -

20~

0i2 I 0t4 0i6 I 0i8 I 1!0
E/V
Anode feed: MeOH 2 M, 2 mLmin-!
Cathode feed: N,, 150 sccm
Scan rate: 2 mVs1
P=1 atm

MC&E: Polymeric electrolyte, DMFC tests

LSUEEIN T=60°C  T=70°C  T=80°C

66 01 101

TiO,-R/S_5 55 58 80
TiO,-R/S_10 37 39 52
TiO,/S_10 60 74 89

The lowest |, was recorded for
TIO,-RSO4H/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: DMFC SPEEK/TI_HR$O

Polarization and Power Density Curves Anode feed: MeOH 2 M, 2 mLminL

SPEEK/TiIO,RSO,;H_5 Cathode feed: O,, 150 sccm
C SPEEK/TiIO,RSOzH_10
C SPEEK 0.8
0.6- 118 ] T=90°C ‘....lllI... 140
] = ] 16 P=1.8 atm '.:.‘-Il""l.. '-. |
0.5 1o —~ 0.6 - f- '-__. o ”g
I!".';L"p 1 Ng S 1 - L ‘.‘- 1°%° =
e {110 £ 5 041 J \ o 2
£ 0.3 1. 2 = f 5 L 17 &
= 48 @ ) [ - 4 S
5 1 le © © o L] . g
. E — _ L} \
O 0.2 - 1 ) % 0.2 ..l \.\ -\. 410 &
0.1- ] a 14 [
' {2 ! . \
] 1 0.0 T T T T T T T T T T T T T 0
0.0 ; . ; . —— 0 0 50 100 150 200 250 300 350
0 50 100 150
Current density (mA/cm?) Current density (mA/cmz)

Power generation increased with increasing filler content, in agreement with proton conductivi
and methanol permeability data. Moreover, filler presence enhance membrane stability.

C C.deBonis D.CozziB.Mecheri A.D'EpifanioA. RainerD. DePorcellinis S.LicocciaEffectof filler
surfacefunctionalizationon the performance dafion/ Titaniumoxidecompositemembranes
ElectrochimicaActa 147 2014) 418

C D.CozziC.deBonisA.5 Q 9 LIABEMey¢herPA>C.TavaresS.LicocciaQOrganicallyFunctionalized
TitaniumOxide/ NafionComposite Proton ExchanlyiembranesJ PowerSource248 014 1127.



MC&E:\MicrobialFkuel Cells ardectrolyzers
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MICROBIAL FUEL CELLS
Generation of electricity supplying
microbial foodstuff, such as

glucose, acetate or even better
waste water!

Anode-respiring
bacteria

Bacteria (attached to the anode)
O, oxidize organic matter producing
electrons that travel to the cathode.

Organics

CO, + H* Part of the activity is due to the
catalytic action of a microrganism:
biocatalysts are directly involved in

the electricity generating reaction.

Cathode



MC&E:\MECijHrom waste

MICROBIAL ELECTROLYSIS CURRENT SOURCES OF H,
CELLS PRODUCTION
co PS H 4% Electrolysis
i I € ¢ l 2 >0.25 V needed 18%
a sy com

48%
de————Cathode Natural Gas
6 Heavy Qils

and Nafta

Bacteria—
30%

No oxygen in
anode chamber

No oxygen in
cathode chamber

(Membrane is opticﬁil in MEC)

r
adding a small amount of voltage (>0.2 V)
: . to that produced by bacteria at the anode;
The_ MEC_: 's based on mod_lfylng a and not using any oxygen at the cathode.
microbial fuel cell (MFC) in two The addition of the voltage makes it
ways. possible to produce pure hydrogen gas at
the cathode.




Bio-Electrochemical Systemsnlimitations Suoursesearch
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Bioelectrochemical systems are still in the early prototype stage:
C Problems in scale-up

C Complex processes occurring at the biofilm-electrode interface
C High cost of materials

C Complexity of substrates

Substrate  Power (m\W/m?2)

Key: Wastewater 76

I Anode

=1 Cathode Glucose 150

1 Membrane

1 Current collectors D extran 21 2

I Reactor

B Other costs Starch 242

Butyrate 230

CATHODE COST acelale 280

E Development of low cost and effective catalysts for oxygen
reduction reaction (ORR) at MFCs cathode to substitute state-of-art

platinum
E Energy production via MFCs fed with agro-industrial wastewaters

E Scale-up of the systems



MC&E: \MEC catalysts

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

O, saturated solution

PBS 100 mM

J[mA/cm?]

—— |_PUSZ 0/45
—— |_PUSZ 3/45
—— |_PUSZ 6/45
——|_PYSZ 10/0

A N A o N O ®w &
1 1 1 1 1 1 1 1

T T T T T T
1,5 -1,0 05 0,0 05 1,0 1,5
E [V] vs SCE

SZrO, in the catalytic
mixture increases the
density of catalytic sites
for ORR while reducing the
amount of Pt up to 70 %

TR o
REotN

0.5

J/ mAcm'2
o
o

©
[$2]
1

FePCG- PID + CNT

-1.0 4

-1.0 -0.5 0.0 0.5 1.0

Cost (lab scale) é/g £/v
Pt/C: 25¢/g CarbonsupportedZrG,
cathodes catalyticactivity
Significant improvement maintained

indicated by joint analysis
of performance and costs
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MC&E ceélbidesign

Membrane-less configuration results in low internal resistance

Air-cathode enables the use of oxygen from air and avoids the
need for aerating the water or using chemical catholytes

C Reduction of cost In comparison with double chamber
configuration and liquid cathode

O O

ANODE
Graphite fiber CATHODE :
brush PtC/SZr modified

carbon cloth

Domestic wastewater + PBS
containing acetate
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0.54

0.36 |-

0.18 |-

0.00 .

0.39

0.26

0.13

0.00
0.54

0.36

0.18

0.00

High and reproducible voltage cycles for

0 100 200 300 400 500 600 700
Time/h

700 h after inoculation

MC&E :IMEC pesformance andastability

0.8

0.7

0.0

—a— FePc/PID/CNTs 1:1
—a— FePc_PIDCNTs 3:1
—vy— Pt/C

- 600
- 500
- 400

- 300

900

- 800

- 700

Power density / mW m*

- 200

- 100

The cell equipped witkePePIDCNT 1:1

cathode showed maximum voltage as

high as that of the cell equipped with

referencePt/C cathode (540 mV)

T T T T T T T
1000 2000 3000

J/m

T T T T T
4000 5000 6000

Am?

The electrochemical performance of
FePC-PID-CNTs 1:1

(PD = 731

mW/m2 E

J = 5632 mA/m?)
IS higher than that of Pt/C
(PD =622 mW/m? , E (1kq) =538V,

J =5481mA/m?)

(1kaq) =



PD / pWem™

MC&E:MFCitestsPi-free cathode

Power Density curves of MFCs assembled with ZrO,-C_25 and
Pt/C as cathodes recorded within 20 days of operation

601 Cathode: ZrO,-C_25 —V —m—day 0
1 \ —o—day 10
v —A—day 15
—v—day 20

0.3 0.4 0.5 0.6 0.7

Cathode: PtC

—a—day 0

00 01 02 03 04 05 06 0.7 08 09 10

J / mAcm? J/ mAcm?
Material Ffrice ,Price
(G g (G mW)

C 0.65 0.077
Zr0,-C_10 0.82 0.085
Zr0,-C_25 1.08 0.090

PtC 26.6 1.40




MC&E:MFC ssomedeferences

REVIEW www.rsc.org/ees | Energy & Environmental Scier

Engineering materials and biology to boost performance of microbial fuel
cells: a critical review

Antonio Rinaldi,t* Barbara Mecheri,* Virgilio Garavaglia,” Silvia Licoccia,” Paolo Di Nardo®
and Enrico Traversa**

Received 16th April 2008, Accepted 21st July 2008
First published as an Advance Article on the web 4th August 2008
DOI: 10.1039/b806498a

In less than a decade the levels of performance of microbial fuel cells (MFCs) in terms of current
output, voltage, and power density have grown tremendously according to steady exponential trends.
Achievements occurred over the past 2-3 years have been particularly impressive. This is due partly to
a better understanding of the biological aspects of this multidisciplinary technology, but also to
systematic work undertaken by several research groups worldwide aimed at improving and optimizing
aspects related to materials and system configuration. Aim of this review is to outline the current
perspective about MFCs by focusing on the recent major advances in the areas of materials and
engineering. MFCs are promising devices to address sustainability concerns both in terrestrial and
space applications.

AMinh-¢ 2 'y b3dz2Sy X . I NbIF N} a$SOK SRepeSciarid, Fabrizid AdahiN
Licoccialron chelatesas lowcost and effectivelectrocatalysffor oxygen reduction reaction in micr
fuel cells2014 International Journal of Hydrogen Ener§$, 64626469

AMinh-¢ 21y b3dz22Sy> . I NbI N} aSOKSNA JronfPolynddiehagedk N
Electrocatalyst$so Enhance Oxygen Reduction in Microbial Fuel C¥#Iis4 Energy & Environmental
Science and Technolgggubmitted for publication




MC&E: /Agreindustrial Wastewater

Dairy industry wastewater

Wine lees
Olive mill wastewater



MC&E:H=lectricity: generation using Whitenanddedrwine {e

——-WWL -#-RWL

Wastewater pre-treatment

Both winery lees were diluted, performing this

fist approach, due to high levels of organic
compounds ( TCO®redwinre0 ¢

| ees and T COfbrwhit2 @ide legs) L
and | ow pH (a 3.5 for b

Cell Voltage (mV)

0.00 120.00 240.00 360.00 480.00 600.00 720.00 840.00 E5-WWL mV) 300
Time (hours) @ ——RWL (mV)
500 i 0 . a B WWL (mW) - 250
_ ——RWL (mW) “’E“
Parameter WWL RWL | %400 4&\ s a2
TCOD /gLt | 6.4#0.1 | 10.1+0.3 | Zam o . 130
> L 5
BOD./gL? | 6.0#0.2 | 3.3+0.2 | 2w = 0 g
| m <}
BOD,/TCOD 0.93 0.33 100 ;! s0
Polyphenols 1546 | 180+12 0 . ‘ - 0
0 400 800 1200 1600

Current density (mAm2)

T.Pepe{ OALF NNA I = D® aSNI AyYy23 . ®Bdri$. Bidodcid RAdahiBlecBidyogederatiory .
using white and red wine lees in air cathode microbial fuel c&i$4 Journal of Power Sourgeas press




Wastewater treatment efficiency

[ | The chemical analysis of waters confirmed
/R the higher biodegradability of WWLs that
k/) RWLs.
] Moreover, VFA accumulation and pH
,I reduction were responsible for the low
T performance of MFCs fed with RWLs
(inhibition of electron transfer bacteria).
a ’ RWL WWL
12 -
WWL RWL
VFA /mgL™ in/out in/out 107
Acetate 11.1+0.7 | 33.1+1.8 _ 8-
78.2+3.4 123.6+5.7 e} _
2 6 -
propionate | 041 | spaon | S,
e u.d.l. u.d.l.
u.d.l. 39.63+2.1 2 -
. _
6.92+0.04 7.00£0.06 / RWL WWL
pH 6.74£0.08 | 6.22+0.23




MC&E:f=lectricity; generationsusing/olive; millk\wastewate!

Wastewater pre-treatment: mix of DW & OMW

- =DW (PD) ~—'~—DW-OMW (PD)
140 - ——=DW (CV) =—DW-OMW (CV) - 600

Voltage (V)

120 ]

=
-] 8
(=]

T SR R AR

(*1]
o
(Aw) a8e3jon 120

Voltage (V)

Power density (mWm?)

-
=]
i

.
af

€ $ § o
° e o w bS
© HO— BB T Ty

[\
(=]
Al

. - T T T T v T T ]
100 200 300 400 500 600 700 800 900 1000
Time (hours)

o
L

Organic carbon is better biolegraded in OMW
The high energy produced by the MFCs fed with Current density (mAm?)
OMW + DW suggested that OMW represent a driving
factor in the selection on the anode of a more
efficient exoelectrogerbacterialconsortium

T.PepéSciarria, ATenc& ! ® 5Q9LIATIYA2I . & a SEBoKSNNchccid) RaravdgINE A Y ;
Adani,Using olive mill wastewater to improve performance in producing electricity from domestic wastewater b
using singlechamber microbial fuel cel2013 Bioresoucdechnology147, 246253
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MFCs: cell configuration and scalability

5 Gas .
T Bag

[}~ —»l e »oUT

Double chamber
configuration

Single chamber
configuration

" H2 >

Gas
Bag




MFCs: cell configuration and scalability

PV Panel

charge
Solar Power gt Current

From lab

{Low Loss swirck |

PUMP DRIVE H ] Battery Temp.
— COMVERTER ' * Waining

Elettrodo A O — ( CONTROL

CELL DRVE - -
S comvEaTER o t

Ly
‘\‘.. 3 1
M H
=

cella MEC

Aaraws legend,

To prototype

carbon cloth

EanrgyLaes Control Lines

Gas output

granulidi
carbone

*®
[ ] ..
ﬁ ElettrodoB
MINISTERO DELL'AMBIENTE

E DELLA TUTELA DEL TERRITORIO E DEL MARE l '

M E : |—| E http://mech2.uniromaz2.it/




MC&EGroup:SOF@lectrolyte

Proton ConductorOxides(500-800 O: BZYlow conductivity due to poor sinterability
which causedarge grain boundaryresistance BCYhigh conductivity but low chemical
stability
Optimizing SoiGel Synthesi®rocedure and tailoring composition leads to:
Chemical stability in CQOcontainingatmpsphere improvedsinterability,
Improved FC performance

70

] J —4—x=0.0
Bao, CeO, 60 - —a— 8
700 + ' BaCO, BaCO, | Ge0, x=0.0 " x03
N e N el R, -
600 - E s0- — \A —v—x=0.8
= ] anw \
500 4  Baco, BaCoO, Baco, Ca0, ceo, x=0.3 E s A B C % Y O
I i e o 2" . \ aCe 3Z1h 502055
@ 200 2 .
o o 30 'y
o 1 bd \ Y
300 { Baco, x=0.5 5 1 i
-‘/*\’A_/\_A’—/x_w\_ﬂ_,\—/_\—’_/ % 20 4 .\
200 o .
4 10 - \-
100 - x=0.8 |
| o
o
20 30 40 50 60 70 0 2I,5 5I0 7I5 1(;0 1%5 15;0 17I'5 2(I)0 2I25 2;')0 275

Cument density / mAcm’

A Fabbri, E., D'Epifanio, A., Di Bartolomeo, E., Licoccia, S., Travéia#iingthe chemicalstability of Ba(Ce0.8
xZryY0.203 1 protonicconductordor Intermediate Temperature SoliakideFuelCell(IT-SOFC&008) Solid
Statelonics179, 33, 55&64

A D'Epifanio, A., Fabbri, E., Di Bartolomeo, E., Licoccia, S., TraveBesift of BaZr0.8y0.20@3protonic
conductorto improvethe electrochemicaberformance in intermediate temperatusslidoxidefuel cells(IT-
SOFQg2008)FuelCells8, 1, 6976



£ MC&EGroup: SOF@lectrolyte

Tor Vergata

Proton ConductorOxides(500-800 O: fabrication of a bilayer electrolyte

Thin film deposition: an highly conductive and chemically stable proton conductor
electrolyte was developedusing PLDto deposit a protecting thin layer of BZYonto a
sintered BCYpellet

BaZg Y, .05, (BZY) protecting BaCggY, 0. (BCY) pellet  Pulsed Lasdbeposition(PLD) :
layer: high chemical stability —substrate high conductivity  highcontrolin film microstructure

1,2
—&— BCY

—=BZY-BCY |

C 1,0 g —s—BZY -
e L L

A /Q/A = r

e — ” e g
'E 0.8 S \‘\A ﬁ/ﬂ “a
3 B 2
s i = \'\c? T \
53000 -t o 0B yd \'xg-ﬂ-n A x
g § A
s ﬂ A 5 A \.\. \DE s, \A
- AN o4 \ A

2000 /é \.\- Y A

=]
(%)

Y e
\ BZY-BCY LY Y
] n A
- A

20 ' 3‘0 ' 4‘0 ' 5‘0 ) 6‘0 ) 70
No evidencé’of chemical
interdiffusion in the bilayer

=1
[=1
o

Current density / mAcm?®

A Fabbri, E., D'Epifanio, A., Sanna, S., Di Bartolomeo, E., Balestrino, G., Licoccia, S., TraversadEsingle
chambersolid oxide fuel cell basedon chemicallystable thin films of Y-dopedBaZrQ proton conducting
electrolyte. 2010) Energy an&nvironmentalScience 3, 11, 61821

A Fabbri, E., Pergolesi, D., D'Epifanio, A., Di Bartolomeo, E., Balestrino, G., Licoccia, S., TravBrssigi.and
fabrication of a chemicallystable proton conductorbilayer electrolytefor intermediate temperaturesolid oxide
fuel cells(IT-SOFQs(2008) Energy aninvironmentalScience 1, 4, 35859
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Alternative fabrication: Anodesupportedprotonic fuel cellswere successfullfabricated
using EPD Stable and reproducible hydrogercair fuel cell tests using BaC®.9Yh0.103c!
measuringa maximumpower density of 296 mW cm<? at 700 C

3 S — Fuel Cells

Anode Supported Protonic Solid Oxide
Fuel Cells Fabricated Using
Electrophoretic Deposition
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Zunic, M., Chevallier, L., Deganello, F.,, D'Epifanio, A., Licoccia, S., Di Bartolomeo, E., Traversa, E:
Electrophoretic deposition of dense BaCe0.9Y0.103-x electrolyte thick-films on Ni-based anodes
for intermediate temperature solid oxide fuel cells.(2009) Journal of Power Sources 190, 7, 417-
422,
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Tor Vergata

Alternative fabrication: areproducible 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.

Journal of Power Sources 220 (2012) 280285
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Electrochemical performance of spin coated dense
BaZrop.g0Yo0.16Zn0.0403-5 membranes
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HIGHLIGHTS = 700°C
® 650°C
» Synthesis of BaZrygqYg 62000403 5 by citric acid-nitrate auto-combustion method. 1.0 4 —A— 600 °C
» Reproducible spin coated dense electrolyte. - 100
» Optimized anodic support o
» Improved power output at 600 °C. o
» Higher performance in comparison with literature data. g
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Alternative fabrication: eliminate grainboundaryin BZYLarge 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

nature ARTICLES
materlals PUBLISHED ONLINE: 19 SEPTEMBER 2010 | DOI:10.1038/NMAT2837

High proton conduction in grain-boundary-free
yttrium-doped barium zirconate films grown by
pulsed laser deposition

Daniele Pergolesi?’, Emiliana Fabbri"2%, Alessandra D'Epifanio’, Elisabetta Di Bartolomeo’,
Antonello Tebano?, Simone Sanna’, Silvia Licoccia', Giuseppe Balestrino® and Enrico Traversa"?*
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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.

oPLDs atechniquesuitablefor the growth of complexmetallic
oxidethin films and hetero-structures
u$toichiometriaeproductionof the target

oiPossibiltyto control crystalstructures
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Pulsed Laser Deposition Group

SDhasa highionicconductivityandis one of
the bestcandidatedo beusedasan
electrolytein SOF@t IT,but showinga high
Instabilityanddegradation SDGilms were
grownon MgOsubstrate Thestability of the
films wassignificantlyimprovedby usinga
buffer layerof SrTiQ (STO)whichimproved
the crystallographigropertiesof SDC. The
absenceof grainboundariesn the SDC/
STOMgOheterostructureenhancedhe
stability to the oxidationreductioncyclic
processesn atmospherewith hydrogen



