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Abstract

Porous nickel cathode was protected by potentiostatically deposited cobalt at different experimental conditions: oxidation potential and
electrolysis duration. The deposition growth increased with the oxidation potential yielding a more developed granular structure with smaller
grains. Thin layers of G, were identified by X-ray diffraction (XRD) and Raman spectroscopy. CoOOH was detected by X-ray photoelectron
spectroscopy (XPS) before annealing treatment angDgafter heating the sample at 500 during 4 h in air. After this treatment, some
morphological changes were observed on the coated samples due to grain compaction and oxidation of the nickel substrate. The porosity of
the coated samples was relatively close to that of the sole porous nickel. These coatings exhibited an appropriate dual-pore structure with
macro and micro pores, a basic MCFC requirement.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tivity and mechanical strength). The feasibility of coating the
nickel cathode with well-controlled LiCofthin layers has
The interest of LiCo@ as a candidate material for replac- been analysed in recent papgfs10].
ing the state-of-the-art molten carbonate fuel cell (MCFC) In a previous work, we have developed and optimised
cathode, LiNi1_xO, is well described in the literatuf@—6]. the electrochemical deposition of €y thin layers on
This compound is less soluble than the nickel cathode in thedense nickel or nickel oxide substra{é4,12] This cheap
MCFC conditions and has an electrocatalytical activity close and room-temperature technique allowed us to obtain
to that of LikNi1_xO. However, its conductivity is lower than  thin and homogeneous layers of 4T transformed into
that of the usual cathode material, its mechanical resistance id.iCoO, after exposure to the molten carbonate melt. The
lower and its cost is relatively high. In addition, problems in use of dense nickel or nickel oxide substrates was a first
scale up of electrode area restrict its use. The thin layer tech-necessary step to analyse thoroughly the structural and
nology is an interesting way of solving these practical prob- morphological features of the cobalt coatings; nevertheless,
lems by combining the properties of the LiCp€Ebating (low the situation can be significantly different in the case of
solubility) and the LiNi1_xO substrate (cheap, good conduc- porous electrodes. The present paper is dedicated to the
elaboration and characterisation of cobalt oxide deposits
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Table 1 Raman spectra were obtained at room temperature with
Name and description of all the samples analyzed in the present study a Bruker RFS-100 FT-Raman spectrometer provided with a
Sample E/Vvs.Hg/lHgCl,  Electrolysis  Annealing diode-pumped germanium solid-state detector, which oper-
time (h) treatment ates at liquid N temperature. An Nd:YAG laser was used
Ni No as exciting source. The samples were pressed into the holder
NiC00.50t8 0.50 8 No with no other pre-treatment. A laser power of ca. 600 mW
NiC00.65t8 0.65 8 No was used, the spectra being taken with a resolutionZ‘cm
NiC00.50t24 0.50 24 No ' sP 9 .
NiC00.65t24 0.65 24 No and accumulating 500 scans. For each measurement the in-
NiO Yes tegration time was 30 min.
NiOC00.50t8 0.50 8 Yes XPS analysis was performed with a Perkin-Elmer PHI
E!ggog-gg:; 8-23 23 f{es 5400 spectrometer equipped with a Mg Kxcitation source
i0OCo0. . es _ . . .
NIOGO0.65224  0.65 24 Yes (hv=1253.60 eV) and a beam size of 1. mm diameter. Typical

operation conditions were: X-ray gun, 15 kV, 20 mA, pressure
in the sample chamber10~2 Torr, pass energy, 89.50 eV for
candidate electrolytes for MCFC application, in the standard general spectra (0—1100 eV) and 35.75 eV for high resolution
conditions. The structural properties of the deposits were spectra. In order to take into account the charging effects on
characterised either directly or after an annealing treatmentthe measured binding energies, these energies were deter-
by X-ray diffraction (XRD), Raman spectroscopy, X-ray mined by referencing to the C 1s peak at 284.8 eV.
photoelectron spectroscopy (XPS). The morphological  The morphology and composition of the deposits were ex-
features were analysed by scanning electron microscopyamined with SEM using a Hitachi microscope S-2500 com-
(SEM) associated with energy-dispersive spectroscopy bined with EDS, model Sun Sparcstation.

(EDS) and the pore size deposition by mercury porosimetry.  The porosity and the pore size distribution were deter-
mined by mercury porosimetry using a Micrometrics Pore

Sizer 9310.
2. Experimental

2.1. Electrochemical deposition 3. Results and discussion

The samples were prepared by potentiostatic deposi- Fig. 1shows the XRD patterns of the cobalt oxide formed

tion of cobalt oxide films on porous Ni foils (6 mnx on the porous nickel foil obtained at 0.65V during 24 h,
25mmx 0.5 mm). The deposition was performed in a four- before and after the thermal treatment (4 h at 8Dn air).
compartment Tacussel glass cell with a 0.1 mdIiCo(ll) so- Initially, only the XRD peaks corresponding to metallic

lution prepared from Co(N§)>-6H,O (Fluka, with a purity nickel were observed at 44.5051.84, and 76.37(26).

0f 99.99% analytical-reagentgrade chemical)ina0.5mbll  After the annealing treatment, apart of the XRD peaks of
solution of NaNQ@ (Merck) with a pH = 4. The solutionwas  Ni, less intense peaks were detected: they correspond to
de-aerated during 30 min prior to electrochemical deposition NiO at 37.28, 42.23, and 62.97 (26) and to cubic CgO4

and the pH fixed at 7.4 by addition of a 1 motINaOH so- compound that appear at 19°081.27, 36.85, 59.35, and
lution. The working electrode was a porous nickel foil, the 65.23 (26). This indicates that the formation of cubic £y
counter electrode was a Pt foil and the reference electrodeon porous Ni is only obtained after an annealing process.
was a HgHg.Cl, (SCE) which was placed in a separate com- A similar behaviour was obtained for all the other samples,
partment filled with a 0.5 mofi* NaNOs. The potentiostatic  but the intensity of the peaks relative cubiciCg decreases
deposition was performed by means of a Princeton Applied with reducing both potential and electrolysis duration.
Research (PAR) Model 263 system. The effect of two differ- However, it is difficult to obtain a detailed information about
ent potentials 0.50 and 0.65V versus SCE, at two different the crystallographic structure of deposits because the cobalt
electrolysis durations 8 and 24 h, before and after thermal content is much lower than that of nickel.

treatment (at 500C during 4h in air at a heating rate of Raman spectroscopy is a tool providing information on
1°Cmin~1), on the cobalt oxide deposits, was investigated. the vibrations of atoms in crystals and is very sensitive to the
All the samples studied in this work are reportedable 1 symmetry of crystallographic structures. The Raman spectra

of the samples with cobalt deposits on porous nickel, before
2.2. Characterisation techniques and after annealing treatment, are presenteBlign 2 Ini-

tially, these samples showed two broad bands around 501
XRD analyses were performed with a Philips Model and 613 cm? that did not appear in the porous nickel Ra-
X'Pert-MPD diffractometter using a CucdKradiation ¢ man spectrum. This suggests that theses bands are due to
= 1.542A). The diffraction intensity was measured in the the presence of cobalt on the porous substrate. The intensity
2°-90° (20) range, by steps of 0.0526) with a counting of these bands increased with the imposed potential and the
time of 2s. electrolysis duration and, therefore, with the cobalt content,
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