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HIGHLIGHTS GRAPHICAL ABSTRACT

e La);W4NbOss_5 is evaluated as a
proton conductor for SOFCs.

e Chemical compatibility and perfor-
mance of La;;W4NbOss_; with
different electrodes is investigated.

e A CGO buffer layer, deposited be-
tween the electrolyte and electrodes,
improves the performance.

o A fuel cell with a 350 pm-thick elec-
trolyte rendered a power density of

P(mW-cm™)

140 mW cm2 at 900 °C. I ;‘cam.z)""‘
ARTICLE INFO ABSTRACT
Artic{e history: Lay7W4NbOss5_5 (LWNO) has been tested as electrolyte for proton conductor Solid Oxide Fuel Cells (PC-
Received 6 May 2015 SOFCs). For this purpose, different electrodes and composite electrodes are considered, including:
Accepted 16 June 2015 Lap gSro2MnOs3_3, Lag gSro.4Co1_xFexO3_s, Lag.75510.25Cro 5sMng 5035, SrFe0_75Nb0_2503,5 and NiO. Chemical

Available online 27 June 2015 compatibility between the cell components is investigated by X-ray powder diffraction (XRPD) and

energy dispersive spectroscopy (EDS). Furthermore, area specific resistance (ASR) for the different
g(ejl(\évord_sa' fuel cell electrodes is determined in symmetrical cells by impedance spectroscopy. XRPD and EDS analysis does
olid oxide luel ce not reveal significant bulk reactivity between most of these electrodes and LWNO electrolyte in the
Lanthanum tungstate . . . . . .
L2gWO 1z 5 typical operating temperature range of an SOFC (600—900 °C). However, minor interdiffusion of ele-
Chemical compatibility ments at the electrolyte/electrode interface has negative effects on both the ohmic losses and electrode
Area-specific resistance polarization of the cells. ASR values are significantly improved by using a porous buffer layer of
CepsGdo2019 (CGO), deposited between the electrolyte and electrode materials, to prevent reactivity. A
single cell with a 350 pm-thick electrolyte, NiO-CGO and LaggSro.4CopsFep203_5-CGO composite as
anode and cathode, respectively, generates maximum power densities of 140 and 18 mWcm 2 at 900
and 650 °C, respectively.
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1. Introduction

F— The reduction of operating temperature of Solid Oxide Fuel Cells
* Corresponding author. Dpto. de Fisica Aplicada I, Laboratorio de Materiales y (SOFCs) at the range of 400—700 °C is the main challenge for this

Superficies (Unidad Asociada al C.S.I.C.), Facultad de Ciencias, Campus de Teatinos, . . "
Universidad de Malaga, 29071 Malaga, Spain. technology, which would lead to several benefits, including lower

E-mail address: damarre@uma.es (D. Marrero-Lépez). working costs, longer lifetime of the cell components and less

http://dx.doi.org/10.1016/j.jpowsour.2015.06.102
0378-7753/© 2015 Elsevier B.V. All rights reserved.


mailto:damarre@uma.es
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpowsour.2015.06.102&domain=pdf
www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
http://dx.doi.org/10.1016/j.jpowsour.2015.06.102
http://dx.doi.org/10.1016/j.jpowsour.2015.06.102
http://dx.doi.org/10.1016/j.jpowsour.2015.06.102

484 M,J. Zayas-Rey et al. / Journal of Power Sources 294 (2015) 483—493

expensive ferritic steels might be used as interconnector materials.

In the last few years, high temperature proton conductors have
received greater attention than the corresponding oxide ion con-
ductors because of their high ionic conductivity and potential
application in SOFCs at reduced temperatures [1—4].

Most of the prior research on proton conducting electrolytes has
been focused on perovskite-type materials based on BaCeOs and
BaZrOs [5—8]. These systems typically display high oxide ion con-
ductivity at elevated temperatures, while in wet atmospheres and
intermediates temperatures the conductivity is enhanced through
water incorporation into the oxide ion vacancies, leading to the
presence of proton defects. These protonic defects account for the
proton conductivity observed in these systems.

BaCeOs-based materials are the state-of-the-art proton con-
ductors, exhibiting the highest conductivity values (~10~2S cm™! at
600 °C). However, these materials are susceptible to carbonation in
the presence of CO; [9,10]. In contrast, proton conductors based on
BaZrO3 show better chemical stability against the carbonation,
though they require high sintering temperatures (1700 °C) to
obtain dense ceramics. Barium zirconates also exhibit lower con-
ductivity compared to BaCeOs, mainly due to their high grain
boundary resistance, which decreases the overall conductivity and
performance.

Alternative proton-conducting materials have been proposed,
such as those based on LaNbOy4 that offer high CO, tolerance [11,12].
However, the values of conductivity are one order of magnitude
lower than those reported for proton conducting perovskites.

More recently, rare-earth tungstates with general composition
LngWO1; (LWO) have attracted great attention due to their rela-
tively high mixed proton-electron conductivity [13—18]. In general,
these materials show predominant proton conductivity at low
temperature, while they are mixed ionic-electronic conductors at
high temperatures. The chemical stability of LWO in CO, and
sulphur-containing gases represents one of the main advantages of
these materials over the perovskite proton conductors [13—18].

The structural analysis by neutron and synchrotron powder
diffraction revealed that these materials crystallize in a cubic
structure with space group F43m and the composition of the these
compounds can be better written as LapgyW4,yOs4,5v2_5, where
tungsten partially occupies the lanthanum sites, and the oxygen
vacancies is determined by the La/W ratio (v = 2-9; 3 = 3y/2)
[18—20].

In order to increase the conductivity of lanthanum tungstates,
several cation substitutions have been investigated. For instance,
the partial substitution of W8 by Mo®*, Lazg y(W1_xMox)a:yOs4.5
(x = 0-1, y = 0.923), increases significantly the ambipolar con-
ductivity, making these materials interesting as mixed electro-
nic—proton conductors for hydrogen gas separation membrane
applications [21,22]. Other substitutions, such as Nb>*, Lay7(W1.
—xNbx)5055 5_5x2 (0 < x < 0.2), increase the oxygen vacancy con-
centration and the conductivity, i.e. 0.01 S cm™! at 800 °C for
Lay7NbW40s5_5 compared to 0.004 S cm~! for the non-substituted
material Lap7W50555_35 [23]. These values of conductivity are much
lower than those of BaCeggY0103_3 and BaZrg1Cep7Y01Ybo103_3,
comparable to BaZrg9Yo103_3 and significantly higher compared to
Lagg9CappiNbO4_5 [24—28]. The conductivity of these proton con-
ductors is compared in Fig. S1 (supplementary content).

Several works have investigated the application of these mate-
rials in hydrogen separation membranes, yielding hydrogen fluxes
significantly higher than those of the state-of-the-art membranes
[29—32]. In contrast, there are a few works about the application of
these materials in PC-SOFCs. For instance, Quarez et al. have studied
the compatibility of LagWO1,_5 with standard cathode materials:
Lag 7Srg3MnO0Os3_j; (LSM), Lag 75S10.25Crp5sMng503_5 (LSCM) and
Bag 5Sr0.5C00 gFep203_5 (BSCF) [33]. LWO resulted to be chemically

compatible with LSM and LSCM, but secondary phases were
observed for BSCF. The values of area specific resistance were
relatively elevated, e.g. 4.3 Q cm? for LSM and 9.7 Q cm? for BSCF at
750 °C. Composites of LSM and LWO were also investigated,
obtaining ASRs between 3 and 10 Q cm? at 750 °C, depending on
the LWO/LSM ratio [33,34]. Quarez et al. have also examined the
application of Pr;NiO4 cathode with LWO, achieving ASRs of
0.46 Q cm? at 700 °C, despite the segregation of PrgO11 [35]. Finally,
Lay_PrxNi;_yCoyO4_5 cathodes were investigated, reaching ASRs of
0.62 Q cm? at 750 °C [36].

On the other hand, several anode materials have also been
explored with LWO electrolyte. NiO and LWO resulted to be
chemically incompatible even at very low temperatures [37]. ASR of
0.47 Q cm? at 700 °C were obtained for Lagg5Srg15Cro.sNig203_3,
although Ni segregation was observed under anodic conditions
[38]. Ni-infiltrated Lag75Ceq1Srg15CrOs_5 anodes exhibited the
Jlowest ASR, i.e. 0.26 Q cm? at 750 °C [39].

Until now, only a fuel cell with Pt electrodes was prepared by
Magrasé, rendering a maximum power density of 13.6 mW cm 2 at
1000 °C [22]. Hence, further studies are still needed for a better
characterization of these materials as potential electrolyte for PC-
SOFCs on several issues, such as chemical compatibility with
different electrode materials, electrochemical performance and fuel
cell tests.

The aim of this work is to evaluate the potential use of
Lay7W4NbOs5_5 (LWNO) as a solid electrolyte for PC-SOFCs. This
electrolyte composition was chosen because of its high ionic
transport numbers and conductivity compared to the undoped
compound [23]. Chemical compatibility and area-specific resis-
tance, with different electrodes and composite electrode materials,
such as Lag gSrgoMnOs3_s, LaggSrg4Coq_xFexO3_s,
La0.75SI‘0.25CI‘0.5MI10,503_5, Sl'FE(),75Nb0.2503_5 and NiO, are investi-
gated by X-ray powder diffraction, energy dispersive spectroscopy
and impedance spectroscopy. Doped ceria was also used as pro-
tective buffer layer between the electrolyte and electrode materials
to prevent reactivity. In addition, a fuel cell is assembled with the
most compatible electrodes to evaluate the performance.

2. Experimental
2.1. Synthesis

Polycrystalline powders of Lay7W4NbOs5_5 (LWNO) electrolyte
were obtained by a freeze-drying precursor method as described in
details elsewhere [23]. LaggSrg.4Coq_xFexO3_5 (x = 0.2 and 0.8)
cathodes were prepared by a sol—gel citrate precursor method,
while Lag 75510.25Cro5sMng503_5 and SrFe0‘75Nbg,2503,5, used
simultaneously as both cathode and anode materials, were pre-
pared from a freeze-drying precursor route (Table 1). The starting
reagents were: La(NO3)3-6H,0 (99.99%), W03 (99.99%), Sr(NO3);
(99.9%), Fe(NO3)3-9H,0 (98%), Mn(NOs3),-6H,0 (99.99%),
Cr(NO3)3-9H20 (99%), Ni(NOs3);-6H0 (99%), Nb(HC;04)5H2C207
(97%), citric acid and Ethylenediaminetetraacetic acid (EDTA), all of
them supplied by Aldrich. The synthesis procedure was similar to
that previously reported [40—42]. Commercial powders of
Lag gSrp2MnO3_j cathode (LSM, Praxair) and CegGdp 20, ;5 elec-
trolyte (CGO, Rhodia) were also used. 60wt%NiO-CGO composite
powders were prepared by adding the CGO powders into an
ethanol solution of nickel nitrate. The solution was dried under
stirring at room temperature and finally calcined at 900 °C for 1 h to
obtain the composite material.

X-ray powder diffraction (XRPD) patterns were recorded using a
PANalytical X'Pert Pro diffractometer with CuK,; radiation to
determine the purity of the synthesized materials. XRPD was also
performed to examine the chemical compatibility between the
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