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sehiertreat of global warming,

> Polludlgpldefigleiile
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DEmand IJ clean energy in the developing world
anre,:pm J"’ areness for energy security

1) e _-__* ystems are able to achieve in small units (100 kW to 500

kW ) gctrical efficiencies approaching 50% while internal combustion
= _ﬂ"/o t0 40%

';‘: e1 ceIIs are environmentally more benign than combustion engines
W|th Iow toxic emissions, low noise level and clean waste-water
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= FueI erX|b|I|ty: Fuel cells systems can operate on hydrogen, NG and
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EUROPEAN! PARLIAMENT — \L\_Tl’itfﬁﬁ Declaration @ 12.02.2007

Calls oo UH EU Institution'to:
':'.'l'
RIrSUea 200 increase in energy efficiency by 2020
Reuuce gju house gas emmision by 30% by 2020 compared to 1990

Produce 32 % of electricity and 25% of overal energy from renewable
. _An Ergy sourices by 2020
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_,_J ﬁte hydrogen and fuel cell storage technology, and other storage
c no1og|es, for portable, stationary and transport uses by 2025

Esjabhshmg a descentralised hydrogen infrastructure by 2025 in all EU
~Member States

-« Make power grids smart and independent by 2025 so that the regions,
cities, SMEs and citizens can produce and share energy
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PoWeritor portable electronic devices (5-50/ W)

pPoWertoriremote telecommunications applications (100W-1 kW)

-I'_t -

EOWEINTOr gg 'str'uction and outdoor recreation uses (1—-3kW)
AUAEIRA P wer units for cars and trucks, and motive power for
wgm -(3—5 kW)

: nary power generation (1 kW-50 MW)

Autemotlve electric passenger car, utility vehicle, and bus power
-syst_ems (20 kW—250 kW)
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ReManIan PErspectives for FC iech — Researchilirends

- [dentif f ' '
fy.ﬂﬂﬁmers & fabricate. membranes
e Test ancl_ characterze membranes

s improvelcatalystsicacatalyst suppolits

s Optimize electrode designi & assembly.

s lntegrate components & expand operating| range
= TJest, analyze & characterize MEAS

Mi = [mprove GDL performance & durability.
= = Develop testing protocols and characterization methods
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-BI Iates for » I[mprove performance & durability
= ~ PEMFCs - Decrease cost
=== s?_':§éals for s Improve durability & performance
- | PEMFCs & SOFCs
= Fuel Cells = Mass production technigues; Develop testing protocols
Manufacturing, » Investigate impact of impurities on fuel cell performance
Investigation and e Controls & integration with conventional equipment

Integration |
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Reanian State or Art in the Fuel Cell Topi! :

Fist model of
Zn/Air fuel cell
ICPE (1970)

Authors:

Gheorghe Balasescu

Mihai Brehoi

Floarea Stavrica
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ReManian State of Art in the Fuiel Cell Topic
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asent involved pro;ects at INCDIE ICPE-CA in hydrogen and

‘.I"ﬁJ‘,_,‘Jf, _J‘J‘JIIr 0j¢ :JJS ‘J

By ’/c - Low cost alternative multifunctional materials for high
gl rJl plymer’Electrolyte Fuel Cells; Project Director: G.A.Rimbu, 2005-
VEJJua;_;?' 0000 EURO

IQ - (2
w [11

&

X LJ 5, -2006 PV/EC hybrid system for energetic autonomy; Project Director:
J’Ju u, 2006-2008, Value: 450000 EURO
i-"-_'_:','_&-ja :760/ 2006 - Fuel cell system for direct bio-alcohol electrooxidation; Project

..J‘i%ctor G.A.Rimbu, 2006-2008, Value: 450000 EURO;

il
._.—
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_,PNII‘-.CNMP- 21-034/2007 - 5 kW Fuel Cells Integrated Energy System; Project
Director: G.A.Rimbu, 2007 — 2010, Value: 600000 EURO

PN 2-C71-116, Intelligent functional micro / nanomaterials; Project Director:

Y

M.Lucaci, 2007-2009, Value: 600000 EURO




ROmanian State orArt in the Fuel Cell Topic

SEPNINFCNGCSIS — 222 /2007 - New?aﬂﬁstructured Materials for Hydrogen Storage;
Projectibirector: G.A.Rimbu, 2007 — 2010, Value: 275000 EURO;

PIOGS00201"="Components developmentifor low temperature direct alcohol fuel

GENISIDAEC) and high temperature solide oxide fuel cells (SOFC), for applications
iIgenerating electrical power and didactic & demostrative kits; Project Director:

SWAPRIMbL, 2006 — 2008, Value: 200000 EURO

ey
a,

CEEX— _‘4213) /2006 — Nanocristaline materials with high performance in
,ﬁ—'storage, Project Director: M.Lucaci, 2006 — 2008, Value: 450000 EURO

1768_-1 (7019)/2006 — Hydrogen storage materials to be used in ultraclean
— ‘yﬁi-'b_gen thermal compressor, for fuel cells and hybride vehicles applications;

— Project Partner Coordinator: E.Enescu, Value: 60000 EURO

- PNII-21-023 (7021)/2007 — Implementation clean energetic technologies by
developing a hydrogen adsorbing metal alloys based thermal engine; Project
Partner Coordinator: E.Enescu, Value: 80.000 EURO

 CEEX - 86/2006, High performant nanocristaline materials for hydrogen-stor:
Project Director: M.Lucaci, 2006-2008, Value: 450000 EURO Pg

EC L _ .
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DAFC & PEMFC
"TECHNOLOGY
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ssINew*thermal stable and low-cost alternative proton cond

cIECLDIYEES for “nigh temperature™(>1800C) PEMFC

ST 1 Ef ——

hydrophilic: vinyl acetate
(VA)

hydrophobic: styrene (St),
acrylonitrile (AN), metil

— _;..;==-_ ner actis metacrilate (MAM)
_-—- e —_—
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EC Technology at INCDIENCPE-CA

;\J-tama-'r aran low-cost catfﬂﬂts -
[Highlactive area colloids: supported Ptiand Pt alloys (Pt-Ru/Pt-Ru-Se)

11071) IJD_JJ diGdICONOINOIErancalalyStSERUESE / Rh-Ru-Se
SIergn g R catalysts: Pt-Fe / Pt-Cr

LCOWE w;s* ternatlve bipolar plates
Yraphite ca mp05|tes based bipolar plates
HJjE:JJJlf“ dipolar plates

XE I) 2111 o] d graphite based bipolar plates

"

;;:_l.;__-_ mally and chemically stable polymer / carbon gaskets for
“Highitemperature” (>1800C) PEMFC

= > Roseal type silicone ruber for 2000C

> ~Roseal type politetrafluoretylen rubber for 2000C

> Roseal type expanded politetrafluoretylen for 2400C

> Roseal type expanded graphite for 3000C

 Optimized electrodes and gas diffusion layers

Y
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rch status h' =C Technology at INCDI E-CA
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=uelcell
Stack

CEramic e

Materials components

= N
=
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Har _JsE | act|V|t|es

_- Ve 1op|ng SOFC components (electrolyte,
]ectrodes, supports and interconnectors) starting
_ from basic materials

 Prototyping and testing SOFC stack

O



SODTELECTROLIT MATERIA‘L a/Sr Cera_t_s

High densification grade: Pa - max. 1%
Stabilized phases structure

Thermal expansion coefficient: ot = 9...11x10-6/°C

Ionic / Protonic type electrical conductivity: ¢ (700-1000°C) = 0,2..2.10>- S/cm
Activation energy: Ea= 1,1-1,2 eV

Chemical compatibility and good joint with cathode / anode

e
_'I- d|:|_

-

D : ATE RIALS -

i ;__—,-C-- .-'.-:_._-':- -
Apparent porosity: Pa = 10-25%

= Stabilized phases structure of perovskit / fluorite
Thermal expansion coefficient: a, = 10...11x106/°C

Electronic type electrical conductivity: 0(700-1000°C) = 82...256 S/cm (cathode)
0.8...10 S/cm (anode)

cathode: LaMnO;- doped with Sr, Ca, Cr
anode: LaCoO;- doped with Sr, Ca; ZrO,/NiO

CECTRO

Activation energy: Ea = 0,3...0,9eV
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EC Technology at INCDIENCPE-CA

Apparent porosity: Pa = max. 1%

Stabilized phases structure of perovskit

Electronic type electrical conductivity:
Activation energy Ea= 0.7 - 0.9 eV
Chemical stability to doping with Sr and Zn

Electrical conductivity (S/cm)

600°C

700°C

800°C

900°C

1000°
C

ﬂ_f"* =

CTORS MATERIALS'™='LaCr0;-doped cu Sr,Ca

0(700 -1000°C)=107..210 S/cm

Temperatura T{°C)
7100 1000 900 800

e 110 120 730, 140
Temperatura 07T K]

Conductivity vs. temperature for the

£
i o7 | 239 | 268 | 30 | B
- 3
~l1cc dpi =G/ 83 | 155 | 229 | 357 | B
o 8
ICCC 37 48 52 65 78 107 8
Material Sintering Apparent density Apparent )
shrinkage (%) (g/cm?3) porosity (%
1SZ-2 8,2 3,86 40,74
ICC 14,8 6,02 0,87
ICCC 17,3 6,17 0

investigated materials ’Q
L
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chistatus ' h' FC Technology at INCDIEMGRPE-CA
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PORBISISUPPORT MATERIALS

anoelsu); ort: 1020 Ni0,60%;stabilized Zr02 in thernary system with 10
MoICoICa 0 10 MoIC/6 Ce02 and 3006 stabilized Zr02 with'8'mol % Y203 -
GAthoue pport ;1 Ce02 bazed material'with 2 mol% Ta,0;

Apparent porosity: Pa = 40-60%
Electrical bulk rezistivity: pv(20°C)= 1013Qcm
Chemical and thermal compatibility

In o (S/cm)

8 10121416 18 20 22 24 26 28 30 32 34 36 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

104/T [K] 104/T [K]
Conductivity vs. temperature for — Conductivity vs. temperature for all componeijts /
support chatode material (CI) and support anode investigated in SOFC model structure. po—
materials (AI) E







EC Technoloegy at INCDIENECRE-CA
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PIBBIENSaddressed: advanced hiydrogen storage materials with high
Hydrogentstorage capacity and fast kinetics

’yJ4J3
NaROCrISte

30 barr

g

20 barr

10 barr

15

Mg,Ni alloy Time (min)

Hydrogen absorption at 250 °C and
different H, pressure vs. time




REZULTATE RECENTE  MgyTis Feq, ,Ni, x=4, 8
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Presiunea H, (atm)

% masa Hidrogen

Mg, Ti_Fe,Ni, (TT)

Curba A%H t, ,(s)
: (atm)

absorbtie 5.6 1.2 4.33 66
desorbtie 0,67 0.67 3 270

O absorbtie (AH=71.79 kJ/moIHz,
AS=128,37 J/moIHZ)

* desorbtie (AH= 69,58 kJ/molH,,
AS=123,6 J/molH,)



P\, (atm)

/| 0;
ﬁ/ N
P —~ */
A £ /At
/ 8 L
0 b {
g o
o/ a4l
(]
-0-300 y
—-300

Mg, Ti,Fe Ni, (TT)

300°C
—*— desorbtie
—O0— absorbie

| O absorbtie(AH=73.6 ki/molH, N\

1 % desorbtie(AH=72,1 kJ/molH,

Mg, Ti_Fe Ni_ (TT)

AS=132.4 j/molH,)

AS=129,6 J/molH,)

Procesul

Absorbtie

Desorbtie

T
1,65

T
1,70

T
1,75

T(°C) AP,

(atm)
2.84
2.83
3.28
0.73
1.3
3.25

A
%H

1.05
1.01
il
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mgn Eliffacelarealcarbonsia
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SEImiconducting fmJ e sallic orms

1 T,

Polymer based
nanofibrous network

Pulse Galvanostatic Deposition  Galvanostatic Deposition

Carbon based
nanofibrous network

Acc V' Spot Magn  Det WD
1000 KV 30 E0000x SE 107 SIS LTI
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”gy Standardization =

-
eifor Energy (1E)lof the European Commission’s Joint

tre (JRC) in Petten, the Netherlands has designed
:-rq A eTartrielrcellrtastin W‘and'—d
development and harmonlsatlon of fuel cell testing
transport and stationary applications in the EU

SHENNSTLL
Jr_\,.e)g,lf )| C€E
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Performance Characterisation
leak- ~tight testing for operational safety investigations
=0/1] lng fuel cells on various simulated hydrogen fuels (with
'::_‘f.'é 11 erate controlled additions of fuel impurities)
= -Operating fuel cells on various fuel/ oxidant relative humidity
"“6:- _Dy_namlc changes In anode/cathode stoichiometry and system pressure
- _caused by ambient pressure variations (simulating stack altitude
testing)
» Compositional and emissions analysis of the in- and outlets of the fuel,
oxidant, and water streams

=
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al|Sechnolooy Standardization

ilency Characterisation
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JJ”_}._ Dad=TolIOWINC Tor
nin terms of power den5|ty, electrlcal and thermal

Performarl 5
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Standardization ! 2
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jeharacterisation of performance under simulated environments

EFHEIREEINIECANGIOE

Bestingfuel cell systems under simulated environmental conditions
Irielticligief 'p_'e'rature (-40 to 60 °C) and relative humidity
Qpio95 %)

esymulatingishock and vibration with six degrees of freedom at
fieguencies up to 250 Hz, and on-line evaluation of their effects on
=fuel'cell performance

—
—
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=elieellnechnology Standardization
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Application of /71-: AC electrical loads to identify and analyse cell
PEIGHING dfice degradatlon (impedance measurements) in an on-line
grid connected conflguratlon

i

OHEINEey a atlon of fuel processor performance in terms of fuel
=
ronv—uu o eff|C|ency and emissions

S

—== =

- = Contir "*O'US monitoring of thermodynamic balances of an entire energy

_r_ = nversmn chain consisting of reformer, fuel cell and grid inverter
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Jfechno ogy Stangarw _

1 Ed. / 2005-03- zzh- - —
CHNG lees = Part 1: Terminology

AN/ 20072057208
mulr |es Part 2: Fuel cell modules

-1 j, / 2007-04-24
Jmulo |es Part 3-1: Stationary fuel cell power systems — Safety

2 | d / 2006-03-21
ologles Part 3-2: Stationary fuel cell power systems - Performance
eSt | ; ods

=)
=3=
;w'

IEC{PAS 62282-6-1 / 2006-02-23
Fuel cell'technologies - Part 6-1: Micro fuel cell power systems — Safety

- IEC/PAS 62282-6-1 / 2007-04-18
Corrigendum 1 - Fuel cell technologies - Part 6-1: Micro fuel cell power systems -

Y

Safety




; 1.2 kW Fuel Cell Nexa Power System
VoltaLab Potentiostat / Galvanostat




Atomic Absorbtion Spectrometer

ticz :- ray Difractometer
= type SOLAAR S4

== type D8 Advance

—

Thin layer deposition by
sputtering technique

Atomic Force Microscope /
UV-VIS Spectrophotometer Type CPII VEECO EC
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at INCDIE 1CRPE-CA 2

= " Thermogravimetry (TG or TGA)
Derivative thermogravime (DTG
Differential thermal’analysis'(DTA)

v/ Differential scanning calorimetry (DSC)

v/ Dilatometry (DIL) and dynamic
mechanical analysis (DMA)

CI TiaCIiiT

Coupled Thermal analysis:
TG - DTA - DSC - FTIR

DSC 204 F1 Phonix Dilatometer DIL 402 PC/4




CONCLUSIONS™ =
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e Esearch at' IINCE PE-CA IS very active and has a high interest
InpthesEWU / EP7 priority area including the area of Fuel Cell & Hydrogen
Storage T e"ﬁ; n_ologies.

intheabo é presented context, the institute has the competence and

thelauthority to address the electrical engineering community and has

= -_m,_j' _'__support of the Romanian Research Authority.

== w1nterested partners for participating together in national and

= mternatlonal research consortia regarding the Fuel Cell & Hydrogen
- Technologles are very welcomed.
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