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ABSTRACT

A flat tubular segmented in series (SIS)-SOFC was fabricated with variable cathode thick-
nesses and the performance characteristics were analyzed. Vacuum slurry dip coating and
screen printing technique were employed to coat the NiO-Ce;ScSZ;o anode, Ce;ScSZio
electrolyte, and Lag ¢St 4C0g2Feq s cathode on the extruded 3YSZ ceramic support. A sub
module consisting of 5-cell with a total active electrode area of 4 cm? was interconnected in
series using Ag-glass composite. Electrochemical performance analysis was conducted
between 600 and 800 °C using 300 CC/min. 3 vol.% humidified hydrogen fuel and 1500 CC/
min. air as oxidant. The results obtained from electrochemical impedance spectroscopy
and current—voltage polarization curves revealed a 57 um thick cathode layer as the op-
timum thickness. An application of LSCo as the cathode current collector on the surface of
the cathode enhanced the performance by approximately 30% at 750 °C.
Copyright © 2015, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights
reserved.

Introduction

Solid oxide fuel cells (SOFCs) are known to generate energy
and have been investigated with much attention due to their
higher efficiency, excellent heat utilization system integra-
tion, pollution free emissions, and fuel flexibility. However,
the relatively high cost

commercialization. Thus, alternate cheaper materials and low
cost fabrication methods should also be focused on in order to
enable SOFC to enter effectively into the real market, and
compete with conventional energy generation
technologies [1].

Development of new concept materials such as thin elec-
trolyte membranes, and the incorporation of electrode mate-

still hinders its rials of high electrochemical activity at low temperature are
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effective approaches to lower the operation temperature and
subsequently reduce the cost of SOFC so that interconnection,
current collection and structural components can be made
from relatively inexpensive new concept materials [2,3].

Fig. 1 illustrates the layout of a segmented-in-series (SIS)
solid oxide fuel cell (SOFC) sub module in which flat tubular
SIS-SOFC cells are arrayed as narrow strips on the surface of a
porous ceramic support structure. Fuel flows through the flat
tubular ceramic support and the cathode sides of the SIS-SOFC
are exposed to air on the outer side [4]. Each unit cell contains
an anode-electrolyte-cathode composite and an interconnect
layer. The unit cell consists of a cermet anode (e.g. Nickel-
—scandia-stabilized zirconia, Ni—ScSZ), a dense electrolyte
layer (e.g. ScSZ-GDC), and a composite cathode (e.g. LSCF-
GDC, LSCF). The cathode in the present study is a bi-layered
one with an LSCF current collection layer above an LSCF-
GDC functional layer; both the layers are usually a few tens
of microns in thickness. The thickness and the width of the
porous ceramic substrate are usually on the order millimeters.

The above described SIS-SOFC has more attractive advan-
tages than does a typical tubular SOFC in terms of perfor-
mance and fabrication aspect, and in particular in terms of the
associated geometrical features Geometrical benefits include
unit cell interconnected electro-mechanically on the surface
of the flat tubular ceramic support, enhancing fuel utilization.
The design results in higher power density per unit volume
and improves the simplification and practicality of the overall
tubular SOFC.

There are two known geometrical structures of SIS-SOFC:
tubular SIS-SOFC [5] and conical-shaped anode-supported
SIS-SOFC. Tubular SIS-SOFC comprises a porous ceramic
substrate with a tri-layer of anode/electrolyte/cathode; pro-
longed stability during coking and redox cycles due to an
additional active barrier layer between the ceramic substrate
and the anode is assured. Based on modeling and experi-
mental efforts, Barnett et al. [5,12,25] achieved a somewhat
increased power density by reducing the lateral resistance
losses across the electrodes and maintaining large active cell
area by lowering the cell width and interconnect area. Lai and
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Barnett [5] presented a model to analyze SIS-SOFC perfor-
mance as functions of cell and interconnect geometry, sup-
port material, cell area-specific resistance (ASR), and electrode
resistance. Their results also revealed that the cathode ASR
can be somewhat reduced by applying a porous LSM current-
collection layer above the cathode [14].

Alternately, Sui and Liu [6,7,11] proposed a design that can
be stacked with multiple cone-shaped single anode-supported
SOFC cells connected electrically with gas flow in series.
Compared with the banded tubular SIS-SOFCs, conical SIS-
SOFCs prepared on anode substrates decrease the concen-
tration polarization at high current density by eliminating the
insulating substrate. Moreover, cone-shaped anode-sup-
ported SIS-SOFC stacks may have smaller film resistance,
reduced fabrication steps, and simpler processes. However,
fuel leakage through interconnects has been observed to
reduce the overall open circuit voltage (OCV) of such stacks;
this leakage also induced a degradation of the long-term
continuous operation of such SIS-SOFCs [13,15].

Among many issues associated with the performance
enhancement of tubular SIS-SOFC, it is known that the cath-
ode characteristics such as the thickness, the distribution of
elements, the conductivity, the adaptation for the current
collector, and the microstructure at the porous cathode are
primary factors that govern SIS-SOFC performance, particu-
larly in the case of banded type flat tubular SIS-SOFC. Perfor-
mance loss of SIS-SOFC due to ohmic polarization can be
reduced by increasing the thickness of the cathode and by
application of an efficient current collector in the viewpoint of
engineering endeavors. Whereas the performance enhance-
ment of SIS-SOFC has been extensively studied [9,10,14], there
have been relatively few systematic studies on the cathode
geometric characteristics of banded type flat tubular SIS-SOFC
despite its well-recognized importance. Therefore, in this
work, a flat tubular SIS-SOFC sub module composed of a 5 unit
cell was fabricated to analyze the basic cathode geometry;
related variables were analyzed by combining experimental
and theoretical approaches. The SIS-SOFC performance was
relatively improved by increasing the thickness of the cathode

Fig. 1 — Flat tubular Segmented-In-Series (SIS) SOFC sub module and unit cell schematics.
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