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Article history: ABSTRACT: This article summarizes the recent advancements made in the area of materials and
components for low temperature solid oxide fuel cells (LT-SOFCs). LT-SOFC is a new trend in SOFC
technology since high temperature SOFC puts very high demands on the materials and too
expensive to match marketability. The current status of the electrolyte and electrode materials
used in SOFCs, their specific features and the need for utilizing them for LT-SOFC are presented
precisely in this review article. The section on electrolytes gives an overview of zirconia, lanthanum
gallate and ceria based materials. Also, this review article explains the application of different
anode, cathode and interconnect materials used for SOFC systems. SOFC can result in better
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article discusses the novel materials suitable for operation of SOFC systems especially for low
temperature operation.
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1. Introduction

In recent years the development of fuel cell
technology has been rapid, and several types of fuel cell
have been developed depending on the intended
application. Of the many types of fuel cell available, the
solid oxide fuel cell (SOFC) has shown considerable
promise for a variety of applications, from the portable
1 kWe (kilowatt of electrical energy) size devices for
transport applications to the >100 kWe stationary
plants currently being pursued by companies such as
Siemens Westinghouse (Ahmet et al. 2003). Fuel cells
operate by electrochemical combination of a fuel with
an oxidant without hot combustion. This is achieved by
placing an electrolyte between two electrodes in contact
with the fuel and the oxidant, respectively. An ideal
electrolyte can conduct ions, but no electrons, in order
to combine the fuel (e.g. hydrogen) with the oxidant
(e.g. air). In a fuel cell, the oxygen has to be reduced to
oxygen ions at the cathode side of the electrolyte so that
they can be transported by ionic conduction through
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the electrolyte. At the anode side of the electrolyte, the
oxygen ions combine with the hydrogen producing
water and electrons. The driving force will be the
oxygen gradient in the oxidant gas (air) and the fuel gas
mixture with low partial oxygen pressure. The
operation principle of a fuel cell (Gort & Vohs 2003) is
shown in Fig. 1. SOFCs have been known for more than
70 years and were first created by Bauer and pries in
1937. However, the development of practically usable
SOFCs only started in the beginning of the 1960’s. An
SOFC essentially consists of two porous electrodes
separated by a dense, oxygen ion conducting electrolyte.
Today the most commonly used electrolyte, anode and
cathode materials for state-of-the art SOFC are 10 mol%
yttria stabilized zirconia (YSZ), Ni-YSZ cermet and
strontium doped lanthanum manganite (La;.xSryMnO3).
Apart from this, calcium / strontium doped LaCrOs is
used as an interconnecting material which is being
developed to connect each cell in SOFC in series. CO and
hydrocarbons such as CHy4 can also be used as fuels in an
SOFC system apart from H,. SOFCs are attractive as -
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Fig.1. Operating principle of a fuel cell (Gort & Vohs 2003)

energy sources because they are clean, reliable, and
almost entirely nonpolluting. Because there are no
moving parts and the SOFCs are therefore vibration-
free, the noise pollution associated with power
generation is also eliminated. Norbert et al (2010),
reviewed recent developments in SOFC research
regarding materials, processing and microstructure-
property relationships. SOFC devices are attractive
alternatives to conventional power sources; however
they suffer from some technological deficiencies like
high operating temperatures (1000°C) which detract
them from commercialization. In recent years, great
efforts have been devoted to develop low temperature
or intermediate temperature SOFCs (LT or IT-SOFCs)
operating at 500-800°C. Because, lowering the
operating temperature can suppress degradation of
components and extend the range of acceptable
material selection; this also serves to improve cell
durability and reduce the system cost (Chunwen et al
2010). Also, the performance of SOFC strongly depends
on the morphology and composition of the electrodes
and electrolytes (Rampon et al. 2006). Hence, new
materials with good low temperature performance in
terms of level of conductivity, chemical and mechanical
compatibility have to be identified and developed
especially for application in LT or IT-SOFCs. This article
reviews the novel materials and components being
developed world-wide towards this purpose.

2. Choice of Electrolytes

It was reported that the state-of-the art electrolyte
(YSZ) reacted with the cathode (Sr-doped LaMnOs;)
which may can resulted in an insulating phase
(LazZr,07) (Danjela et al. 1995) after prolonged
operation of SOFC. Hence, new and novel electrolyte
materials were developed as alternatives to replace the
existing YSZ. Scandia-doped Zirconia (SDZ) (Nomura et
al. 2000) was quite attractive as the electrolyte for
SOFC’s, especially for the intermediate temperature

(600-800°C) SOFC'’s. However, problems with regard to
the stability of this kind of materials is yet to be solved
yet. LaGaOs-based perovskite type oxides as
electrolytes, in particular, Sr- and Mg-doped LaGaOs
(LSGM) were studied by several groups (Goodenough
2000; Kumar et al. 2004; Rambabu et al. 2006; Lu & Zhu
2008; Ishihara et al 2012). The conductivity of
Lao.oSro.1GapsMgo203.« is 0.12 S/cm at 800°C and 0.32
S/cm at 1000°C, which is similar to 9 mol % Sc;0;
doped ZrO; (0.31 S/cm) and higher by a factor of two
compared to 8YSZ (0.16 S/cm) (Dusastrre & Kilner
1999). The major contributions to the high performance
of LSGM electrolyte based fuel cells are the
improvements in electrolyte conductivity and, more
importantly, the exceptional structural and chemical
compatibility with perovskite cathode materials, such
as lanthanum cobaltite. Datta (2009) reviewed the
application of LaGaOs; based electrolyte materials in
SOFC systems elaborately. Even though LSGM is a most
favourable solid electrolyte for ITSOFC systems; it
undergoes serious interfacial reactivity with anode and
resulted in the formation of a La-deficient La-Sr-Ga-O
phase at the LSGM/NiO interface in fuel cell operating
conditions (Jong-Ho Lee et al. 2012).

The ceria-based electrolytes for SOFCs have shown
good performance improvements that have
demonstrated a breakthrough in SOFC research. CeO;
doped with different cations, notably Gd,03; doped CeO,,
Sm;03; doped CeO; and Y;0; doped CeO; has much
higher ionic conduction and may operate at lower
temperatures (350-700°C), at which it becomes a
predominantly ionic conductor even in a reducing
atmosphere. New research activities on the ceria-based
materials showed super ionic and dual or hybrid H*/0-2
conduction with a conductivity of 101 Scm below
600°C (Zhu 2006; Fuentes & Baker 2008). Mogensen et
al. (2000) and Steele (2000) reviewed the electrical
conductivity and mechanism of conduction in ceria-
based electrolytes. In the case of doped ceria, Sm;03 and
Gd,03 doped CeO; resulted in highest conductivity
values with optimal dopant concentrations of 10-20%
(Wang et al. 2003; Wang et al. 2004; Zang et al. 2004;
Kamruddin et al. 2004; Nesaraj et al. 2010). Inaba &
Tagawa (1996) reviewed the performance of ceria
based electrolytes. The ionic conductivity of doped ceria
is approximately an order of magnitude greater than
that of stabilized zirconia for comparable doping
conditions. This is a result of the larger ionic radius of
Ce** (0.87 A° in 6-fold coordination) than Zr#+ (0.72 A®),
which produces a more open structure through which
0% ions can easily migrate (Matovi¢ et al. 2005). Even
though, gadolinia and samaria doped ceria are indeed
very good oxide ion conductors, all-types of ceria based
electrolytes have the disadvantage of being relatively
easy to reduce. The reduction of Ce** to Ce3* gives rise
to electronic conductivity, which in turn causes an
electronic leakage current through the electrolyte in
operating SOFCs -
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Fig. 2 A comparison of ionic conductivities of potential electrolyte
materials for IT-SOFC applications (Kesapragada et al. 2003)

- (Singhal & Mizusaki 2005). Of course, the ceria-based
electrolytes are a relatively recent technology, so there
are still problems with the technology and solutions
being developed. A comparison of ionic conductivities of
potential electrolyte materials for IT-SOFC applications
is indicated in Fig 2.

To overcome the problem caused by ceria reduction,
functional composite materials based on doped ceria
and various salts (carbonates, sulphates, halides or
hydrates) are being developed world-wide. Ying Ma
(2009) has reported that samaria doped ceria/
amorphous Na,CO3; based nanocomposite is used as an
electrolyte for LT-SOFC and the cell has shown excellent
performance of 0.8 Wem2 at 550°C. Similarly, Liu et al.
(2010) have reported the electrical properties of
composite electrolytes composed of Sm3+ and Nd3* co-
doped ceria (SNDC) and binary carbonates (Li,CO3-
NazC03) and the ionic conductivity was found to be 0.01
Scm?t at 481°C. Ketzial & Nesaraj (2010), have
developed nanoceramic composite materials based on
BaCeo_ngo,103.5 - Ceo,ngo_loz.a and BaCeo_gSmo_203.5 -
CeogSmp202.5 for LT-SOFC application by simple co-
precipitation process. Raza et al. (2011) have developed
electrolytes based on nanotechnology and two-phase
nanocomposite approaches using non-oxygen ion or
proton conductors, e.g., lithium aluminate-lithium
sodium carbonate, with great freedom in material
design and development for LT-SOFC application. From
the recently published research articles, it was found
that functional nano-ceramic composite materials might
be the suitable alternative to the existing YSZ based
electrolyte for SOFC application.

3. Choice of Anodes

Aside from its role as electrolyte, YSZ is often used in
SOFC electrodes (anode, cathode) to provide some ionic
conductivity to electrode materials that don’t have
enough, and, in some SOFC, as a structural cell support.
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Ni-YSZ cermet is commonly used as anode material in
SOFC (Norbert et al. 2010). Porous Ni/YSZ cermet (YSZ:
yttria stabilized zirconia) is currently the most common
anode material for SOFC applications because of its low
cost. It is also chemically stable in reducing
atmospheres at high temperatures and its thermal
expansion coefficient is close to that of YSZ-electrolyte.
The cermet both reduces/prevents thermal mismatch
between the nickel and the YSZ and produces a large
three phase’s boundary. A difficulty caused by the use
of the cermets is the nickel sintering over time that
reduces the active surface of the electrode (Kilbride
1996). However, this can be minimized by control of the
grain size and microstructure of the cermet. The Ni/YSZ
cermets, which display excellent catalytic properties for
fuel oxidation and good current collection, but do
exhibit disadvantages, such as low tolerance to sulphur
and carbon deposition when using hydrocarbon fuels,
and poor redox cycling causing volume instability (Tao
& Irvine 2003). Zhu & Deevi (2003) have reviewed the
status of anode materials for solid oxide fuel cells. Some
alternate cermet anodes have been developed to solve
the problems existing in the state-of-the SOFCs.
Materials with the composition
(Ba/Sr/Ca/La)o.sMxNb1-x03-s (M = Mg, Ni, Mn, Cr, Fe, In,
or Sn) were proposed as alternate anodes for SOFCs
because they exhibit considerable electronic
conductivity and might additionally show some ionic
contribution (Irvine & Sauvet 2001; Holtappels 2011).
Slater & Irvine (1999) have proposed niobate based
tungsten bronze materials as novel anodes since these
materials are also reasonably stable in both oxidizing
and reducing atmospheres. Also, the unique feature of
mixed conductivity imparts these materials the ability
to accelerate the electrode gas reaction. However, it was
found that rare earth doped CeO, is a viable anode
material for LTSOFC due to its advantageously high
electro-catalytic activity that enables the direct
oxidation of low hydrocarbon gases, unfortunately, the
occurrence of pronounced ionic conductivity along with
mechanical degradation in reducing atmospheres poses
a great concern for its practical applications (Zhu &
Deevi 2003).

Yttria-doped ceria (YDC) and samaria-doped ceria
(SDC) were proposed as potential anodes for
intermediate temperature SOFCs. The common feature
of these two candidate materials is, in reducing
atmosphere typical of anode environment, they exhibit
characteristic of mixed ionic-electronic conductivity.
Since YDC shows greater electronic conductivity than
SDC and comparable ionic conductivity with YSZ, the
anode reaction can be appreciably enhanced (Chunwen
& Ulrich 2007). Similar to Ni/YSZ cermet anode,
Ni/doped ceria cermet has also been formulated and
tested for use as potential anode in intermediate
temperature SOFCs (Ormerod et al. 1999). Yang Nai-Tao
et al. (2006) have proposed new Ni-CeogGdo201.9(CGO)
cermet anodes of IT-SOFCs. They found that NiO in the
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anodes can be reduced to Ni completely by the mixture
of 20%H, ~ 80%He at 700°C without the phase
transformation of CGO. The competitiveness of ternary
component anode consisting of Cu, CeO; and YSZ on
direct activation of dry hydrocarbon gases is evaluated
by Seungdoo et al. (2000) by performing a short-term
single cell test at 700°C. Their results are encouraging
since Cu/Ce0,/YSZ anode demonstrates an excellent
activity towards direct electrochemical oxidation of a
variety of hydrocarbon gases.

Recently, a variety of composite anodes was
proposed for the LT-SOFC application. Composite
electrodes based on Cug16Nio27Zn¢37Ce0.16Gdo.0402-5
(CNZGC) have been successfully synthesized by solid
state reaction method as anode material for LT-SOFC.
Electrical conductivity of 4.14 S/cm was obtained for
the above composite electrode at a temperature of
550°C, which makes the material suitable for LT-SOFC
application (Abbas et al. 2012). Nano composite
materials such as ZnO / NiO (Raza et al. 2011) and
ZngeFe1Cuo3/GDC (Raza et al. 2010) were proposed as
alternate anode materials for LT-SOFC operating below
500°C. It was found that nano composite based anodes
can exhibit good catalytic activity, high electronic and
ionic conductivity in turn which may help to achieve
high power output.

4. Choice of Cathodes

In SOFCs, the cathode functions as the site for the
electrochemical reduction of oxygen. To this effect, the
cathode must have: (1) high electronic conductivity
(preferably more than 100 S cm-! under oxidizing
atmosphere); (2) a matched thermal expansion
coefficient (TEC) and chemical compatibility with the
electrolyte and interconnect materials; (3) adequate
porosity to allow gaseous oxygen to readily diffuse
through the cathode to the cathode/electrolyte
interface; (4) stability under an oxidizing atmosphere
during fabrication and operation; (5) high catalytic
activity for the oxygen reduction reaction (ORR); and
(6) low cost. In addition, the choice of cathode materials
is largely dependent on the electrolyte materials used.
Hence, care should be taken to match thermal
expansion coefficients and avoid undesirable interface
reactions.

Perovskite materials - particularly of the LaMOs,
type, where M is typically a transition metal - have in
increasing numbers been found to possess mixed ionic-
electronic conductivity. The presence of mixed ionic-
electronic conductivity in oxides has been found to be
highly beneficial for their use as cathodes in fuel cells.
Therefore, considerable efforts have been directed
towards the development of this type of cathode. The
performance of the cathode material is of fundamental
importance to the operation of these devices. In recent
years a significant amount of time has been expended

on the development of these perovskite materials,
identifying new mixed conductors and improving the
operational performance of existing materials through
the development of improved cell designs. Sr - doped
LaMnOs3 (LSM) (Huang et al. 1996; Heuveln et al. 1997;
Jiang et al. 2002) is the state of the art cathode material
for SOFCs. The chemical compatibility between LSM
cathode and YSZ electrolyte has been studied
thoroughly (Van Roosmalen & Cordfunke 1992;
Taimatsu et al. 1996; Wiik et al. 1999). The reaction
proceeds by interdiffusion of mainly Mn and La into
YSZ, which leads to the formation of LayZr;07, while Y
and Zr ions remain in YSZ. Hence, the interdiffusion and
formation of secondary phases at the cathode/
electrolyte interface will, over time, reduce the
performance of SOFCs. As well as, the electrical
properties of manganite-based perovskite compounds
are not sufficient for operation of SOFC at temperatures
below 800°C. The absence of oxygen vacancies in LSM
restricts the reduction of oxygen to the three-phase
boundary regions. This limitation is the primary reason
why LSM does not have acceptable performance at
lower temperatures. Usually, two approaches have been
taken to improve the performance of LSM cathodes so
that they may be used at lower temperatures (Ralph et
al. 2001). The cathodic over potentials of manganite
cathodes can be modified greatly by replacing different
rare-earth cations at the A site. Ishihara et al. (1994)
systematically studied the cathodic over potentials of
LngeSro4Mn0O3 (LnSM) (Ln = La, Pr, Nd, Sm, Gd, Yb or Y).
The majority of work performed on the lanthanide
manganite materials has concentrated on the cases
where the A site is Sr-doped. In terms of chemical
compatibility and electrical conductivity, however, Ca-
doped ones have proven more promising.

Apart from LnSM (Sr-doped lanthanide manganite),
perovskite materials based on cobaltite and ferrite were
proposed as alternate cathode materials for IT-SOFC /
LT-SOFC operation. The use of lanthanum cobaltite
materials as possible cathodes has been widely
investigated in the past years (Godickemeier et al. 1996;
Tu 1997; Adler 1998; van Doorn & Burggraff 2000;
Nesaraj et al. 2007). Usually, cobalt-based materials
display higher ionic and electronic conductivities than
other cathode materials. Therefore, the use of cobalt-
containing cathode materials should result in a
decreased cathode polarization resistance. La14SrxCoOs.
s cathode materials have good electrode activity due to
high oxygen diffusivity and high dissociation ability of
oxygen molecules (Takeda et al. 1986). Doping Cu into
the Co site can further enhance the ionic conductivity
and catalytic activity of (La, Sr)CoOs.s, although the
electrical conductivity of (La,Sr)(Co,Cu)0O3.s (LSCC) was
lower (Yasumoto et al. 2002). For Mn doping at the B-
site, Chen et al. (2003) observed that
LageSro4CoosMng 2035 has the lowest cathodic
overpotential among the tested Lng¢Sro4C00sMng203.5
(Ln = La, Gd, Sm, or Nd) compounds at 500-800°C. Sr-
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doped samarium cobaltite (Sm;-xSrxCoOs3, SSC) is
another widely studied cathode material for IT-SOFCs
showing a higher electrical conductivity. The electrical
conductivity increases with Sr doping and a maximum
conductivity is usually observed at x=0.5. The electrical
conductivity of this composition shows metallic-like
behavior and reaches up to 103 S cm™! in the
temperature range of 800-1100°C (Ralph et al. 2003).
Lanthanum ferrite (LaFeOs3) is expected to be more
stable than cobaltite perovskites because the Fe3* ion
has a stable electronic configuration 3d5. Sr-doped
LaFeO3 based cathodes have shown good performance
with respect to the power density and stability at 750°C.
In iron-based cathodes, reactivity with YSZ electrolyte is
significantly reduced (Simner et al. 2003). Simner et al.
(2002) have found that an anode-supported -cell
consisting of LaggSro2FeO3; cathode, YSZ electrolyte and
NiO-YSZ anode exhibited a power density as high as
about 0.9-0.95 W cm~2 at 750°C and 0.7 V and exhibited

excellent stability over a 300-h test period.
Lai_,SryFeiyCoy03 (LSCF) shows good electrical
conductivity, a high oxygen surface exchange

coefficient, and a good oxygen self-diffusion coefficient
between 600 and 800°C (Steele 1996; Dusastre & Kilner
1999). At lower operation temperatures, LSCF-based
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cathodes are superior to LSM-type cathodes due to - a
lower area specific resistance. However, LSCF-type
perovskites are generally incompatible with YSZ
electrolytes due to undesirable interface reactions.
Therefore, a Gd203 doped CeO; diffusion barrier layer is
used to prevent the formation of low conductive
compounds  without negatively affecting the
electrochemical performance (Haanappel et al. 2006;
Uhlenbruck 2009). Nanocomposite based cathode
materials compatible for LTSOFCs are being developed.
Homogeneous mixture of CeopsGdo2019 and
LaoeSro4Coo2Feps03 (nanocomposite) cathode was
developed recently by Shen et al. (2011) for LT-SOFC.
Raza et al. (2012) have developed nanocomposite
material based on Lag3Sro2Mno.1Zng403.5 -Smo2Cepg01.9
for application as alternate cathode materials for LT-
SOFC with ceria-based composite electrolyte. Tamara et
al. (2008) have reported a novel nanocomposite
material, LaggSro2FeosNio403-5/ CepoGdo.102-5 as cathode
for IT-SOFC with improved performance. However,
nanocomposite materials with improved characteristics
need to be developed for application in LT-SOFC and
which is a thematic research area at present in SOFC
systems. Various compositions of SOFC cathode
materials and their properties are indicated in Table 1.

Table 1
Various compositions of SOFC cathode materials and their properties (Chunwen et al. 2010)
S.No. Composition TEC T (°C) Ge (Scm-1) ci(Scm-1) References
(x10-¢K-1)
1 Lao.sSro.2MnO3 11.8 900 300 5.93x107 Jiang 2002
2 Lao.7Sro.3sMnOs 11.7 800 240 - Yamamoto et al. 1987
3 Lao.¢Sr0.4MnO3 13 800 130 - Kenjo & Nishiya 1992
4 Pro.6Sr0.4MnOs3 12 950 220 - Ishihara et al. 1995
5 LaosSro.2Co03 19.1 800 1,220 - Tietz et al. 2006
6 Lao.sSro.4Co03 20.5 800 1,600 0.22 Ullmann et al. 2000
7 LaosSro.2FeO3 12.2 750 155 - Simner et al. 2002
8 LaosSro.sFe03 - 550 352 - Bongio et al. 2005
9 LaosSro.4Fe03 16.3 800 369 0.205 Patrakeev et al. 2003
10 ProsSro.sFe03 13.2 550 129 5.6x103 Ullmann et al. 2000
11 ProsSro.2Fe03 12.1 800 300 - Ullmann et al. 2000
12 Lao.7Sro.3FeosNio203 13.7 750 78 - Ullmann et al. 2000
13 LaosSro.2Coo.sFeo203 20.1 600 290 - Simner et al. 2002
14 LaosSro.2Coo.2Fes03 15.4 600 1,050 - Jinhua et al. 2007
15 Lao.6Sro.4Co0sMno 203 18.1 500 125 - Tai et al. 1995
16 Lao.sSro.4CoosFeo203 21.4 800 1,400 - Chen et al. 2003
17 Lao.6Sro.4Co0.2Fe0s03 15.3 600 269 2.2x103 Tai et al. 1995
18 Lao4Sro.6Coo.2Feos03 16.8 600 330 4x102 Ullmann et al. 2000
19 LaosSro.2Co0.2Feos03 14.8 800 - - Ishihara et al. 1995
20 LaosSro2Co0sFeo203 19.3 800 87 1.5x103 Ullmann et al. 2000
21 Lao.6Sr0.4C00.9Cu0.103 19.2 700 1,000 4.4%x10-5 Ullmann et al. 2000
22 ProsSro.2C00.2Fe0s03 12.8 800 1,400 - Yasumoto et al. 2002
23 Pro.7Sr03C002Mno.s03 11.1 800 76 - Ullmann et al. 2000
24 Pro6Sro.4CoosFeo203 19.69 550 950 - Meng et al. 2008
25 Pro4SrosCoosFeo203 21.33 550 600 - Meng et al. 2008
26 Pro.7Sr03C00.9Cu0.103 - 700 1236 - Zhuetal. 2008
27 BaosSrosCoosFeo203 20 500 30 - Wei Bo etal. 2006
28 Smo;5SrosCo03 20.5 700-900 >1,000 - Ishihara et al. 1998
29 LaNio.cFeo.403 11.4 800 580 - Chiba et al. 1999
30 Sro.9Ceo.1Feo.sNio203 18.9 800 87 0.04 Ullmann et al. 2000
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5. Choice of Interconnectors

Substituted LaCrO3 is considered as a state-of-the art
interconnect material for high temperature solid oxide
fuel cell working at 1000°C (Nesaraj 2010).
Interconnector is necessary to connect several cells in
series to produce a stack. A typical representation of
interconnector is indicated in Fig. 3 (Steele 2001). The
interconnectors are critical elements of SOFC stack,
both providing electrical connections between each cell
and gas flow routes for fuel and air. Fully densed
structure of interconnect prevents direct mixing of fuel
and oxidant gases. The main problem of the chromites is
related to their rather modest catalytic activity towards
hydrocarbon oxidation. Preliminary studies in this type
of materials, with a Ca-substituted lanthanum chromite,
Lap7Cao3CrOss  (LCC), reveals an interesting
performance under humidified pure hydrogen,
approximately 110mW/cm?, in a thick electrolyte-based
cell, at 950°C. However, the performance under
methane was rather modest, i.e,, 25 mW/cm? at 950°C,
possibly due to two factors: firstly, the poor catalytic
activity of simple chromites towards hydrocarbon
oxidation. The second factor could be a very poor
microstructure  (Ruiz-morales 2008). Also, the
traditional LaCrOs-based interconnect has difficulties
such as machining, failure due to mechanical properties
during cell operation, availability of matching sealants
and the cost of chromium. Because of these limitations
of ceramic interconnects, metal-based interconnects
have been introduced in the anode supported thin film
electrolyte structure which operates in the temperature
range 700-800°C. The necessity to operate the ceramic
fuel cell much below 1000°C (preferably below 750°C)
has pushed the researchers to search for suitable metals
or alloys. The metals have a number of advantages over
ceramic interconnects. For more than a decade, a
number of alloys have been attempted, but the major
interest for development of such metallic interconnect
started only when SOFC developers started using
metallic interconnects for SOFC operation, preferably
< 750°C.

While doped LaCrOs 1is wused as ceramic
interconnects for high temperature SOFC, the Cr-based
alloys and ferritic steels are the choice for metallic
interconnects for SOFC working at reduced
temperature. Zhu et al. (2007) have evaluated Fe-Co

Table.2
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Fig. 3 Schematic representation of an interconnector (Samson
Nesaraj, 2010) in SOFC

-Ni alloys as interconnect material for reduced-
temperature SOFC application. Bastidas (2006) has
studied variety of interconnects such as Cr- based
alloys, ferritic stainless steels, austenitic stainless steels,
Fe-Ni based super alloys and Ni-Fe based alloys for
lower temperature SOFC. The reported properties of
some alloy groups for SOFC applications are indicated in
Table 2. Ceramic Fuel Cells in Australia (Yamamoto
2003) has developed a 5 kW planar type SOFC with
stainless steel interconnects. However, it was found
that the metallic interconnect forms a thin protective
oxide which might be a most important lifetime limiting
factors for SOFC. Recently, Froitzheim & Svensson
(2010) have applied nano-coating of reactive elements
(RE) over metallic interconnects of SOFC and they have
reported that the application of such coatings can
reduce the corrosion rates substantially and thus
increase the lifetime of the fuel cell stack. Hence, still
research work is in progress to develop alternate
interconnect materials for application in SOFC working
at low / reduced temperature.

6. Choice of Fuels

SOFCs require only a single partial oxidation
reformer to pre-process their fuel, which can be
gasoline, diesel, natural gas, etc. The nature of the
emissions from the fuel cell will vary correspondingly
with the fuel mix. Using hydrocarbons, for which a
supply infrastructure is currently available, offers a
variety of advantages over using hydrogen. First of all,
hydrocarbons are much easier to transport and to store
because they are in a stable state which requires no
processing before use.

Properties of some alloy groups for SOFC applications. Matrix structures are (bcc) body-centered-cubic and (fcc) face-centered cubic

(Bastidas 2006)

Material Matrix structure Coefficients of Thermal Oxidation resistance Mechanical
Expansion x 106K Strength
Cr - based alloys (CrBA) bcc 11.0-12.5 Good High
Ferritic stainless stees (FSS) bcc 10.5-14.0 Good Low
Austentic stainless steels (ASS) Fcc 16.2-20.0 Good High
Fe - Ni based superalloys (FeBSA) Fcc 15.0-20.0 Good High
Ni - Fe based superalloys (NiBSA) Fcc 14.0-19.0 Good High
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They are also more efficient at producing energy.
Methane for example yields eight electrons per
molecule whereas hydrogen only yields two electrons
energy. This advantage could be magnified with the use
of more complex hydrocarbons, such as pentane
(Boudghene & Traversa 2002). Recently, Michael et al
(2011) have studied the performance of SOFC with
methanol and ethanol. Hence, it was found that if the
operating temperature of SOFC is reduced (<500°C),
liquid fuels such as methanol / ethanol can be
effectively used in SOFC systems.

7. Conclusions

Different strategies adopted by the researchers for
lowering the operation temperature of SOFC are dealt
with in this review article. Lowering the operation
temperature of SOFCs is the only option to
commercialize SOFC systems in the world market. The
diminishment of the operation temperature in SOFCs is
essential for improving the materials compatibility,
reducing energy consumption and start-up time and
extending the durability. Lowering the operation
temperature of SOFC systems can be carried out viably
by adopting recent technological advancements like
nanotechnology. In short, SOFCs with nanocomposites
based cell components and metallic interconnectors can
utilize liquid fuels such as methanol and ethanol for
delivering power at low temperature.
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