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OUTLINE @ Istec

Production of ceramic multilayers for energy applications
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« Solid Oxide Cells (SOCs)

« Gas Separation Membranes (GSMs)
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SOLID OXIDE CELLS Qistec

e Ceramic-based

D 02(9)+ 2V, +4e” = 20%°(s)

electrochemical devices

for energy conversion
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SOLID OXIDE CELLS
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Qistec

Ceramic-based multilayers
with porous-dense porous

microstructure
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SOLID OXIDE CELLS < evowve @Gy @istec

FUEL CELL i
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Metal-supported J

Electrodes

Metal Substrate

NiCrAl Foam

* High porosity(>80vol%); I :

* Lower cost
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Source: Alantum Europe GmbH
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SOLID OXIDE CELLS Ei‘=RS JELC.S., @ istec

Density/Porosity CTE (x10°¢) [K1]
_Density > 98%

LT e 12.5
Electrolyte s A o MY e

Porosity > 80%
Electrode SHM<Pgres< 800UM
Metallic 16.0
Substrate

Ni — Cep9Gdy 1054 (GDC)

Deposition of more than

one layer

Conferenza di Dipartimento 2018, 24-26 Settembre, Assisi



SOLID OXIDE CELLS EizRS JECS, @isiec

HOE” W% 0 1 2 3
07N GDC 13.9 27.8 244 244
\ Ni 78.7 64.8 569 56.9
Dispersant 1.2 1.2 1.1 1.1
RO Binder 2.3 23 80 80
0OTR .
RO OR PIaspazer 3.9 3.9 9.7 9.7
R=Hor | HO H
00 e (0]
OR OR * "CH, n
RO B OR J,
CTE (x10%) [K ]
Electrolyte 12.5
14.5
Electrode
15.5
Metallic
Substrate 16.0

A Gondolini et al. Journal of the European Ceramic
Society 37 (3), 1023-1030
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SOLID OXIDE CELLS SRS JECS., Qistec
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SOLID OXIDE CELLS =< evowve (Gy @lstec

FUEL CELL “a 5
Substitution of La .
) ) La, ,Sr, o TiIO. . - GDC
in the A site 01770977 3-a
Electrode
Properties:
« Catalytic
Electrolyte . Conductivity
+  Chemical Stability
Electrode
Tolerance to:
Metallic «  Sulfur poispning
Support  C deposition

+ Redox cycles

Powder
Treatment

Milling &
Sonication
T SSA

~
o
S -
Mag= 10000 K X 200nm EHT = 3.00 kv
WD = 20mm
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SOLID OXIDE CELLS
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A Gondolini et al. Journal of the European
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Ceramic Society 38 (1), 153-161
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GAS SEPARATION MEMBRANES pgs & Qistec

Ministero dello
Sviluppo Economico

Selective Separation of gases (O,, H,) using dense ceramic membranes

RICERCA DI SISTEMA

— Electrochemical Mechanism

@9 o, Tooer = 500-800°C 00 H
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Applications

Applicability in different industrial
processes (600-800°C)
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H, SEPARATION MEMBRANES RdS € Q@Qistec

Ministero dello
Sviluppo Economico

RICERCA DI SISTEMA

Higher H, partial pressure - 1mm Lower H, partial pressure -
Dissociation: Recombination:
H, — 2H* 2e- 2H" 2e- — H,
H H - «pressure-driveny separation
. H
0 D n

Process parameters

Geometry
Material Properties
T permeability

=

Oum<:| ﬁ:l BaCey 5521930 1503/Ce 3Gdy 20,.5 ﬁ;

(BCZY/GDC)
* High proton conductivity
WYy
: «  Good CO, stabilit
H ’ Y 3
H K g -
D BaCeO5; + xCO, & :
W w = XBaC03 + Ba(l_x)CQO(g_x)
—— L ) —
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H, SEPARATION MEMBRANES pgs @ @istec

Ministero dello
Sviluppo Economico
. BCZY .
Slurry preparation
Casting
« Support
Plasticizer
« Membrane m -]

Slurry

RICERCA DI SISTEMA

Doctor Blade Casted Drying

tape i

=
Rollers V>0

High Temperature
consolidation
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H, SEPARATION MEMBRANES RdS .k @ @istec

RIGERCA DI SISTEMA _MiI'IiStEFU' dE“U.
Sviluppo Economico

BaO evaporation
BaCeO3; » xBa0 T +Ba;_x)Ce03_a)

Ba sources in the sintering
atmosphere

Signal A = AsB Do 28 Jn 17
m Specimenl= 00pA e

BaCeO; 2 xBa0(g)
+Ba(1_x) C€0(3_a)

mBC mBCZY mBCZY-GDC mBC ®WBCZY =BCZY-GDC
20 338 o) epe .

3 3% Compatibility with
g 15 = 334 .
2 P literature data for
o 10 E
8 S 330
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“ 0 324
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H, SEPARATION MEMBRANES Ri§ .9, @istec
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Sviluppo Economico

D. Montaleone et al. J. Mater.
Chem. A, 2018, 6,15718
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H, SEPARATION MEMBRANES RdS .., @istec

RICERCA DI SISTEMA

Sviluppo Economico

~—

Membrane Material Thickness dense Gas atmosphere Feed - T Jio
membrane (um) Sweep (°C) (mLmintcm2)
SrCe0,-based hydrogen separation membranes
SrCep95Y0,0503-5 50 dry 80% H, in He - Ar 950 0.1
SrCeg95TMg 05035 150 dry 10% H, in He - 20% O, in N, 900 0.16
SrCeq74rg,EUq 1035 33 dry 100% H, - He 900 0.23
wet (3% H,0) H, - He 900 0.21
BaCeO;-based hydrogen separation membranes
BaCeg g5 0052101035 20/50 dry 50% H, in He - Ar 900 0.22/0.08
( BaCeq 652102001503 5 - Ceq,80Gdp 20055 20 wet 50% H, in He - wet Ar 750 0.47 ﬂ
BaCeq 652102001503 5 - Ceq,80Gd0 20055 650 wet 50% H, in He - wet Ar 755 0.27
Ni-BaCe;2rq 1,035 30 wet 50% H, in N, - Ar 750 0.15
Other ceramic systems
La,6,78Ws 7,055 g3 25 wet 10% H, in Ar - Ar 1000 0.14
CepgSMp 10,6 35 dry 40% H, in N, - Ar 900 0.007
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POWDER SYNTHESIS Qistec

» p— Applications:
CeO, o — Catdlysi
C€1,5d,0,4 of « Phase wiht good ionic conductivity for
CeO, SOC e SM applications
POLYOL METHOD oY O
Nrf
Direct nucleation in poly alcohol solvent (eg. EG o o g b g T e B
DEG), starting from a precursor solution ( e {()’\] = (X
E Nanometric powder @/\,\}(—w“[}}

Microwave heating is used:
- Fast & homogeneous

- Insitu cristallization
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CeO, POWDER SYNTHESIS

o CeDd; x Ce(COOH):
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CeO, POWDER SYNTHESIS @ istec

Time evolution

Toluene oxidation
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Ce,  Gd O, , POWDER SYNTHESIS @ istec

Doping of CeO, o |
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A Gondolini, et al. Journal of nanoscience
and nanotechnology 15 (5), 3636-3640
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Ce,  Gd O, , POWDER SYNTHESIS Qistec

[Gd]
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A Gondolini et al. Journal of the European Ceramic Society 33 (1), 67-77
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