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Abstract

Developments of intermediate-temperature solid oxide fuel cells (IT SOFCs) require novel anode materials with high electrochemical activity
at 800-1070K. In order to assess the role of oxide components of Ni- and Cu-containing cermets, a series of electrodes containing 8% yttria-
stabilized zirconia (Y8SZ), GeGd 0, s (CGO) and ThZrQ_s with fluorite-related structure, zircon-type §€a V045, pyrochlore

Gdy 86Ca.14T1207_s (GCTO), and LagSro.1Al 9 6sMJo.15F&2005_s perovskite, were studied in contact with (lg®15.1)0.06Ga 8MJo 2035

(LSGM) electrolyte. The best performance was found for anodes comprising a stable ion-conducting component, such as Y8SZ or GCTO,
and one Ce-containing phase, such as CGO or cerium vanadate. Anode performance is less dependent on the ionic conductivity of oxide
components than on redox stability or interaction between different cell materials. Surface modification with ceria substantially reduces
overpotentials of all cermet anodes. For Ni-CGO and Cu—CGO, such activation of yields about 100-115mV at 1073 K and 2DmA/cm

10% H—-90% N, for both anodes.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction and Cu-containing anodes in contact with {lg&r.1)0.08
Gay.sMgp.203_s (LSGM) solid electrolyte.
Developments of intermediate-temperature solid oxide
fuel cells (IT SOFCs) require optimization of anode compo-
sitions and microstructure to achieve sufficiently low over-
potentials at 773-1073 k2 Incorporation of catalytically-
active pure or doped ceria was proved to enhance the perfor-
mance of conventional anode cermets, consisting of metallic
Ni and 8 mol% yttria-stabilized zirconia (Y8SZ)° Though
Y8SZ plays a stabilizing role with respect to redox cycling
and Ni sintering under the anode operation conditbims;
proved electrode kinetics could be expected by partial or com- ) . .
plete substitution by other oxide materials having higher elec- as NiO, by thermal decomposition of Ni(Nf3-6Hz0,

trocatalytic activity and/or mixed conductivity. Attention has _?_';d Iateroreduced dto LNI. Submllcron powders of CGO,
also been given to Cu-based anodes, due to its lower catalytic 052105025 —an 3 .90510.10Al 0.65~€.20MJo0.1503 5

activity for C—C bond formatioh®, thus suppressing the de- were synthesized via the cellulose-precursor technique,

- j mechanically-activated ~ syntheSis and  glycine-nitrate
gooslgtgg of carbon on cermet anodes of hydrocarbon-fueled procesd, respectively. GelagCay 14Ti207_5 (GCTO) and

Cep gCan 2VOa4+s Were synthesized by powder reactidh$
with subsequent ball-milling. Commercial Y8SZ powder
(Tosoh) was used for preparation of these cermets. In addi-
tion, Ni-CGO (25-75wt.% or 50-50 mol%) and Cu—CGO
* Corresponding author. Tel.: +351 234 370254; fax: +351 234 425300. (27—73wt.% or 50-50 mol%) cermets were prepared via
E-mail addressjfrade@cv.ua.pt (J.R. Frade). the cellulose-precursor method. In this case, oxide fibers

2. Experimental

Ni-containing cermets was prepared, namely Ni-Y8SZ-
Cep.sGdp.202-5 (CGO), Ni-Gd geCap.14Ti207-5—CGO,
Ni—Y8SZ—-Ce gCay 2VO4+s5, Ni—Thg 57rg 5s02,_s —CGO and
Ni~Lag 90S10.10Al 0.65F€.20M0.1503-s—CGO, with phase
weight ratios 50:30:20%. The Ni-phase was first added

The present study is centered on the effects of mixed-
conducting oxide components on the performance of Ni-

0955-2219/$ — see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jeurceramsoc.2005.03.114
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Fig. 1. SEM micrograph (A) and bright-field TEM image and electron diffraction pattern (B) of Cu—CGO cermet prepared by cellulose-precursa techniqu
and annealed in air at 1173 K; as-prepared and surface-modified Ni-GCTO-CGO anodes (C, right and left); as-prepared Nigy&52¥0g:s CGO
layer in contact with LSGM (D).
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Fig. 2. Overpotential versus current density for various cermet anodes.
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retain a texture of initial cellulose precursoFig. 1A) 0
and easily transform to homogeneous nanocrystalline
powders Fig. 1B). Phase composition was verified by X-ray
diffraction (XRD) and transmission electron microscopy
(TEM). Transport properties of the mixed-conducting
ceramic materials were studied by measurements of faradaic
efficiency, e.m.f. of oxygen concentration cells, and total
conductivity and Seebeck coefficient versus oxygen partial

pressure, as described earliér® Electrode layers with K‘\‘

15-25 mg/cri were screen-printed onto the surface of dense
LSGM ceramics and annealed in air for 2 h; the sintering 4 )

p(0,) =0.21 atm

D

log 6 (S/cm)

temperature was 1523 K for Ni-Y8SZ-CGO, 1273K for P A . L
Cu-containing cermet and 1573K in all other cases. The 8 10 12 14 16 13
anodic overpotentiak as function of current density) vas
studied by the three-electrode technique, with Pt counter and r
reference electrodes; according to the cell geometry reported |-— oo—o o £C€sC%, V03,
in Refll. The polarization measurements were performed I
using an AUTOLAB PGSTAT20 at 873-1073K in flowing of ® Gd Ca Tio.
wet 10% H—90% N gas mixturep(O>) being controlled = o Ce Ca NO_.
by an oxygen sensor. After the electrochemical tests, é i A Tb Zr 0O,
selected anodes were surface-modified by impregnation with e | — ¥ La,, Sty Al gFe, Mg, O,
saturated Ce(N§)s-6H,O solution in ethanol, followed 22r \ ¢ Ce,Gd, .0,
by annealing at 1073-1273K; then the overpotential- Ll B %0, Smol% Y,0,
current dependencies were re-measured. Details of | O 1020
experimental procedures and equipment were published 4F ®) p(Oy) = 10D atm
elsewherg:”9:10 : ' ' ' 1 '

8 9 10 11 12 13 14

10%T, K!

3. Results and discussion Fig. 3. lonic conductivity in air (A) and total conductivity at pfD=

1(T2°atm (B) for Y8SZ, C@_gGCblzoZ,,s, TbZI’O4,3, Ce gCa 2VOa4s,

Fig. 2 presents selected overpotential-current de- G geCap.14Ti2O7—s and La.90S10.10Al0.657€0.20MJ0.1503—s-
pendencies of the mixed conductor-containing anodes.
Compared to other layers without surface modification,
the best performance was found for Ni—Y8SZ-CGO, despite the highest ionic conductivity of CGO, the elec-
Ni—-Y8SZ—-Ce gCay 2VO4+s and Ni-GCTO-CGO composi- trodes Ni-Y8SZ-CGO, Ni-Y8SZ-@GgCa2VO4+s and
tions. The electrochemical activity of Ni—§BZrg502_s— Ni-GCTO-CGO show similar performanc€&ig. 2). The
CGO and Ni-Lg.90Sr0.10Al 0.65F€.20MJo.1503-s—CGO electronic conductivity of oxide components of Ni- or
layers is rather poor. The Ni-CGO anode exhibits lower Cu-based cermets has no essential effect on the overall
overpotentials with respect to the Cu-containing analogue; performance, with current collection being ensured by the
this behavior is generally associated with low catalytic activ- metal. If electrocatalytic activity would be significantly
ity and high sinterability of coppér® Surface modification ~ dependent on electronic transport, we would have maximum
considerably increases the performance, yielding similar performance for CeVO4. On the contrary, alternative ceramic
results for both anodes. For example, the overpotentials areanodes should include a component with high electronic
about 80 mV at 1073 K and 150 mA/énfor both Ni-CGO conductivity.
and Co—CGO anodes activated with ceria. The results thus suggest that, for cases when sufficient

Fig. 3 summarizes the data on transport properties of levels of ionic and electronic conduction are attained in
the ion-conducting oxide components. The values of total cermet anodes, further increase in transport properties is less
conductivity ¢) correspond top(Oy) =10-20atm, which important than stability with respect to coarsening of metal
is close to SOFC anode operation conditions. Transport particles, interactions between cell materials or volume
number measurements are often performed only for oxi- changes under anode working conditions. Stability is ex-
dizing conditions, due to experimental limitations, and the pected for oxide phases with essentigl({D,)-independent
ionic conductivity ¢,) data shown irFig. 3thus refers to  oxygen stoichiometry, including Y8SZ and GCTO. Surface
p(O2) =0.21 atm. Althougho, is often p(Oz)-dependent  activation of Ni-GCTO-CGO anodes thus lowers the
and the actual values should not be used for gquantitative overpotentials by 3-5 times at 1073 K, and is more effective
analysis under different conditions, their comparison for Ni-CGO anodes than for Ni-GCTO-CG®ig. 2),
may still be useful to identify basic trends. In particular, possibly due to greater volume changes on varying redox
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Fig. 4. XRD patterns of GgGdy 20,5, ThZrOs—s and oxidized
Ni—Thg 529 5rO,_s—CGO layer (A), and the oxidized and reduced layers
containing L@ 9oSro.10Al 0.65F€.20M00.1503—s perovskite (B).

conditions for the former composition. Volume changes are
likely to affect the contacts at electrode/electrolyte interface
or contacts between grains of different anode components.

Though the presence of Ce-containing phases with dif-

ferent composition and transport properties, (e.g. CGO and

Cey sCap 2VO44+5) may provide similar electrochemical activ-

ity, the electrode performance may be affected by reactive lay-

ers between GaCay 2VO4+s and LSGM Fig. 1D), Poorer
performance was also obtained on adding) 34rg.502_s
(Fig. 2B), possibly due to chemical interaction between
Tho.5Zr0502_s and CGO, as revealed by XRIFif. 4A).

On the contrary, no reaction was detected between compo-

nents of Ni—La 90Sro.10Al0.65F€.20MJo.1503-5—CGO an-
odes Fig. 4B). Thus, high overpotentials of these anodes
on LSGM are probably related to large changes in oxygen
nonstoichiometry of the Fe-containing phase, or cation inter-
diffusion between L&gpSro.10Al 0.65F€.20M0o.1503-s and
LSGM. For example, incorporation of Al cations into the
LSGM surface may lower its ionic conduction, and Fe diffu-
sion may cause microcracks on varying the local conditions
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of oxygen chemical potential and/or overpotential/current
changes.

Insummary, the results of this work show that redox stabil-
ity is required to retain the positive role of mixed conducting
components of cermet anodes for IT SOFCs. Ce-containing
anode components are often effective, but further activation
can be attained by impregnating with a ceria-based solution,
yielding increased catalytic activity, improved intergranular
contacts and, possibly also enhanced electronic conduction
at the electrolyte surface.
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