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ABSTRACT

This research was aimed to study the feasibility to select alumina (ALO,) or nickel-nickel
spinel composite (Ni-NiAl,0,) as an external support for solid oxide fuel cell (SOFC) because
both materials had high mechanical properties and low cost, when it was compared with Ni-8YSZ
support.

ALO, support was prepared by mixing using high speed mill method. After sintering at
1400-1500°C, ALQO, phase with a rhombohedral structure was detected in all supports. The
sintered Al,O, supports showed sufficient porosity (> 30 %) and flexural strength (> 60 MPa) for
using as an external SOFC support. However, a formation of dense secondary phase layer of
nickel spinel was also observed at the interface between AlO, support and Ni-YSZ layer,
resulting in suppressed gas flow toward the Ni-YSZ anode layer. The Al O, support thus was not
suitably selected to use as the external support for SOFC.

NiO-NiAlLO, supports containing 50/50, 55/45 and 60/40 w/w ratio were prepared from
ALO, and excess NiO powder through a mixed-oxide method. The supports were coded as
S0NOSONS, 55NO45NS and 60NO40NS respectively. After sintered at 1350-1600°C NiALO,

phase as result of NiO-AlLO, forming solid solution were obtained while NiO phase remained
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from solid solution reaction still observed in all sintered NiO-NiAl,O, supports. After reduction at
800°C for 1 h in hydrogen atmosphere, coarsening of Ni particles and some large pores were
observed in the NiO-NiAlLO, supports with higher NiO content. An increase in gas flow ability
was also obtained, although the porosity tended to decrease with increasing NiO ratio. An
improvement of gas flow ability in NiO-NiALO, supports was likely influenced by an
enhancement of a number of large pores than an increase of porosity. Increase of NiO ratio
resulted in an enhancement of the electrical conductivity but decrease in the flexural strength of
Ni-NiAl O, supports. This was due to an increase in metallic conducting phase of Ni but decrease
in NiAl O, phase after reduction.

Ni-8YSZ anode slurries containing 60, 70 and 80% solid content were prepared by
dispersing Ni-8YSZ powder in terpineol and adding polyvinylbutyral (PVB) as a binder. The
slurry was then coated on one side of the SONOSONS, 55NO45NS and 60NO40NS supports by
screen printing technique. After co-sintering at 1400°C and then reduction at 800°C in hydrogen
atmosphere, Ni-8YSZ layer (< 5 pm thick) with a -smooth and uniform surface was observed
when using the Ni-8YSZ slurry with 70 % solid content. The porosity in the range of 29.96-30.02
% was obtained for the sintered Ni-8YSZ layer on the supports with different NiO contents.

Yttia-stabilized zirconia (8YSZ) electrolyte layer was subsequently coated onto sintered
Ni-8YSZ layer on the SONOS5ONS, 55NO45NS and 60NO40NS supports using electrophoretic
deposition technique (EPD). The optimal applied voltage and coating time for fabricating 8YSZ
electrolyte layer were investigated. Use of the applied voltage of 20 V for 30 sec introduced a thin
8YSZ layer (~5 pum). The firing rate at 3°C/min could fabricate well-attached 8YSZ layer with
the Ni-8YSZ anode and high densification of 8YSZ layer on the SONO5SONS and 55NO45NS
support. In contrast, the 8YSZ layer with pores and cracks were obtained on the 60NO40NS
support due to the difference in shrinkage and thermal expansion coefficient (TEC) between
8YSZ layer and 60NO40NS support. However, the reduction of firing rate to 1°C/min could
produce the high densification of 8YSZ electrolyte on all Ni-NiAl,O, supports and could get rid
of cracks on 8YSZ layer for 60NO40NS support.

The performance of single cells with 8YSZ electrolyte, Ni-8YSZ anode and platinum

layer as a cathode on the SONOSONS, 55NO45NS and 60NO40NS support with firing rate of
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3°C/min was subsequently investigated. Pores and cracks on 8YSZ electrolyte layer were
observed for single cell with 60NO40NS support. This resulted in the reduction of open circuit
voltage (OCV) of cell down to 0.82 volt and poor power density (43.3 mW-cm” at 800°C). The
power density for single cells with SONOSONS and 55NO45NS supports were 70.2 and 94.5
mW-cm” at 800°C due to the better 8YSZ densification. Densification of 8YSZ layers on all Ni-
NiALQO, supports was improved after lower firing rate to 1°C/min. Besides, this rate could solve
the problem of crack generation on 8YSZ electrolyte layer for 60NO40NS support. Thus, the
power density of single cells with 50NO50NS and 55NO45NS supports were increased (76.9 and
95.6 mW-cm~ at 800°C), while the maximum power density (105.9 mW-cm~ at 800°C) in this
research was achieved in the single cell with 60NO40NS support. However, the low gas
permeability caused of high activation polarization loss, while the ohmic polarization loss was

due to the higher total resistivity of cell from support addition.

Keywords: Solid oxide fuel cell/Nickel spinel/External support
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