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ABSTRACT - The main objective of this project is to
produce power by solid oxide fuel cell. The reason for
this alternative means of power producing is to
eliminate the over exploitation of fossil fuels. By the
availability of Hydrogen, which is abundantly present
across the globe it is easier to supply fuel for power
generation. The main benefit of opting for SOFC is
that its ability to intake various Hydrocarbons in
their gaseous gas as fuel. Solid oxide fuel cell (SOFC)
is an electrochemical device, based on an oxide ion
conducting electrolyte, which converts chemical
energy of a fuel (such as hydrogen or a hydrocarbon)
into electricity at temperatures from about 5500 to
10000 C. SOFC offers certain advantages over lower
temperature fuel cells, notably its ability to use CO as
fuel rather than being poisoned by it, and high grade
exhaust heat for combined heat and power, or for
combined cycle gas turbine applications.

Keywords- SOFC, energy, hydrogen, Voltage, air-
breathing.

1.INTRODUCTION

A fuel cell is an electrochemical device that converts
the chemical energy of a reaction (between fuel and
oxidant) directly into electrical energy. The basic
physical structure, or building block, of a fuel cell

consists of an electrolyte layer in contact with a
porous anode and cathode on either side. In a typical
fuel cell, gaseous fuels are fed continuously to the
anode (negative electrode) and an oxidant (i.e.
oxygen from air) is fed continuously to the cathode
(positive electrode) The electrochemical reactions
take place at the electrodes to produce an electric
current. A fuel cell should not be confused with
secondary batteries (accumulators). The battery
(primary) is an energy storage device. The maximum
energy available is determined by the amount of
chemical reactant stored within the battery itself. The
battery will cease to produce electrical energy when
the chemical reactants are consumed (i.e.
discharged). In a secondary battery, the reactants are
regenerated by recharging, which involves putting
energy into the battery from an external (electricity)
source. The fuel cell, on the other hand, is an energy
conversion device that theoretically has the
capability of producing electrical energy for as long
as fuel and oxidant are supplied to the electrodes.

2. LITERATURE SURVEY

Solid-oxide fuel cells (SOFCs) promise high
efficiencies in a range of fuels. Unlike lower
temperature variants, carbon monoxide is a fuel
rather than a poison, and so hydrocarbon fuels can be
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used directly, through internal reforming or even
direct oxidation. This provides a key entry strategy
for fuel-cell technology into the current energy
economy. Present development is mainly based on
the yttria-stabilized zirconia (YSZ) electrolyte. The
most commonly used anode materials are 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. Here, we report a nickel-free SOFC
anode, La0.75Sr0.25Cr0.5Mn0.503, with comparable
electrochemical performance to Ni/YSZ cermets. The
electrode polarization resistance approaches 0.2 Q
cm2 at 900 °C in 97% H2/3% HZ20. Very good
performance is achieved for methane oxidation
without using excess steam. The anode is stable in
both fuel and air conditions, and shows stable
electrode performance in methane. Thus both redox
stability and operation in low steam hydrocarbons
have been demonstrated, overcoming two of the
major limitations of the current generation of nickel
zirconia cermet SOFC anodes.

3. MATERIALS
3.1 NICKEL OXIDE

Nickel Oxide is the most common anode
catalyst, and its low cost has led to its wide usage. It
has a high electronic conductivity and a low ionic
conductivity, making it necessary to employ a Ni/YSZ
mixture in the anode to increase the triple phase
boundary area conducive for electrochemical
reactions. Further a NiO/YSZ mix improves adhesion
of the anode to the YSZ electrolyte as the coefficients
of thermal expansion are in close order compared to
pure nickel.

3.1 YITTRIUM STABILIZED ZIRCONIA

Yttria stabilized zirconia is mainly used for
the electrolyte due to its ability to Conduct oxide ions
and also in the anode as the electrolyte component
along with an electronic conductor to induce mixed
ionic electronic conduction (MIEC) properties. YSZ is

a ceramic material, and its oxide ion conducting
properties are prominent in a temperature range of
6000 C to 1000°C

3.2 LANTHANUM STRONTIUM MANGANITE

Lanthanum strontium manganite is the most
common cathode catalyst in today’s SOFCs and is
often known to be employed as a composite cathode
with the electrolyte component YSZ. It is reported
that thin LSM electrodes display low MIEC properties
as a result of reduction in resistance to oxygen ion
transport. Yang et al. experimentally found that
LSM/YSZ composites sintered at 1400°C for 12 hours
formed an insulating lanthanum zirconate layer
(LazZr,07) which was detrimental to the SOFC
operation.

3.3 SILVER AND NICKEL MESH

Silver is used for cathode current collection. It can be
used in place of more expensive gold or platinum, but
should not be used in fuel cells above 800°C
operating temperatures as temperatures at the cell
may rise above the melting point of silver.

Nickel Metal Mesh is used for anode current
collection. It is most often coated with nickel ink or
paste for best contact with the anode. Oxidizing
conditions should be avoided.

4. METHODOLOGY AND PROCESSES
4.1PREPARATION OF NiO/YSZ CERMET

Nickel is the most common anode catalyst,
and its low cost has led to its wide usage. It has a high
electronic conductivity and a low ionic conductivity,
making it necessary to employ a Ni/YSZ mixture in
the anode to increase the triple phase boundary area
conducive for electrochemical reactions. Further a
Ni/YSZ mix improves adhesion of the anode to the
YSZ electrolyte as the coefficients of thermal
expansion are in close order compared to pure nickel.

Commercial NiO was mixed with 8YSZ (8 mol
% Y203 Fully Stabilized ZrOy) in the ratio 1:1, under
room conditions. The resulting mixture was then
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mixed with Iso-propyl alcohol which acts as a binder.
The solution was placed on a heater at 150°C for 2
hours and was also subjected to continuous stirring
by using a magnetic stirrer to obtain a uniform
mixture. The powder formed was then cooled back to
room temperature and weighed according to the
requirements for press forming.

Figure 1: NiO/YSZ Cermet

4.2 PRESS FORMING

In press forming, a pair of tools called a “die”
is mounted inside a press and then a material (such
as metal) is placed inside the die. The press then
applies high pressure (3000 tons of force or higher
on large presses) and the material is formed to match
the shape of the die. In other words, press forming is
a forming technology where a pressing force is
applied to a material to deform it (by bending,
stretching, etc.) to match the size and shape of the
die, and the material then maintains that shape
forever.

4.3 COATING OF YSZ ELECTROLYTE ON THE
ANODE

Yttria stabilized zirconia is mainly used for
the electrolyte due to its ability to conduct oxide ions
and also in the anode as the electrolyte component
along with an electronic conductor to induce mixed
ionic electronic conduction (MIEC) properties. YSZ is
a ceramic material, and its oxide ion conducting
properties are prominent in a temperature range of
6000 C to 1000°C. It is important to note that
hafnium (Hf) may be present as an impurity of
zirconia (ZrO2) in minute quantities due to
difficulties in separation; however, it does not pose
any problems as Hf is capable of conducting ions.

A certain quantity of 8YSZ was mixed with
Iso-Propyl alcohol by wusing ultrasonic stirring
process. The mixture was then coated on to the
surface of the anode by using spray coating process.
Nitrogen was used as the carrier gas in the gun to
increase the velocity of the fluid coming out from the
nozzle and to separate the mixture into fine droplets.
The coating was then dried at 200°C for 30 minutes.

4.4 COATING OF LANTHANUM STRONTIUM
MANGANITE ON ELECTROLYTE

LSM is commonly used as a cathode material
in commercially produced solid oxide fuel
cells (SOFCs) because it has a high electrical
conductivity at higher temperatures, and its thermal
expansion coefficientis well matched with yttria-
stabilized zirconia (YSZ), a common material for
SOFC electrolytes.

A similar method of coating was adopted to
coat LSM. A known quantity of LSM was stirred along
with IPA and was coated to a diameter of 14.5mm by
spray coating method. Care was taken to ensure that
the anode and cathode do not come into contact as it
may affect the fuel cell performance.

Sintering was carried out at 1400°C for 12
hours to reform the pellet to achieve the required
levels of strength and hardness. It had been
experimentally found that LSM/YSZ composites
sintered at 1400°C for 12 hours formed an insulating
lanthanum zirconated layer (La;Zr,07) which was
detrimental to the SOFC performance.

4.5 CURRENT COLLECTORS

Conductive meshes made of nickel and silver
were stuck on the anode and cathode sides
respectively by using conductive silver paint. Nickel
mesh offers a cheaper and viable alternative to silver
mesh. It is not suitable for application in the cathode
because nickel is oxidized to nickel oxide (NiO).The
nickel oxide thus formed is vaporized and current
collection is hindered. After the meshes are fixed it is
then heated in an oven at 105°C for 1 hour.
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Silver wires are fixed on both sides along the
circumference of the individual meshes. Silver paint
is used to bring the mesh and wire into contact. After
pre-heating the sample in an air oven at 200°C for
over 1 hour, it is then subjected to firing at 750°C for
2 hours to adhere the sample to the wire.

Figure 2: Silver wire as current collector

4.6 SEALING OF CERAMIC TUBE WITH THE
PELLET

The ceramic tube was sealed with the pellet
by using a glass sealant. The powdered sealant was
converted into a paste by using a chemical solvent.
The paste was applied on to the circumference of
the tube and pellet and also on the outer diameter of
the tube. After application, the setup was exposed to
an infrared atmosphere to facilitate initial setting.
Once it was sufficiently dried the setup was placed in
a muffle furnace at 700°C for 4 hours for sintering.
This process ensured that the sealant was completely
dry and achieved a compact, non-porous form.

5. RESULTS AND DISCUUSIONS

After sealing the ceramic tube with the pellet,
the setup was tested at a temperature of 800°C with
continuous supply of hydrogen without admitting
oxygen.

An open circuit voltage (OCV) of 0.66V was
noted at 800°C.By varying the load current in steps of
0.01A, the corresponding voltage was noted.

Table 1: Obtained Current, Voltage, Current Density,
Power Density

Sn | CURRE | VOLTAGE CURRENT POWER

0 NT ) DENSITY(mA/c | DENSITY(mW/c
(A) m?) m?)
1 0.1 0.084 44 3.71
2 0.09 0.154 39 6.13
3 0.08 0.19 33 6.72
4 0.07 0.278 30 8.61
5 0.06 0.335 26 8.89
6 0.05 0.386 22.1 8.53
7 0.04 0.444 17.6 7.85
8 0.03 0.5 13 6.63
9 0.02 0.555 8.84 4.48
10 | 0.01 0.606 442 2.68

Figure 3: SOFC exposed to 600° C

Figure 4: Load
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Chart 1: Current Density v Voltage

A plot was drawn between voltage and
current density. The highest current density of 44
mA/cm? was recorded against a voltage of 0.084V.
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Chart 2 : Voltage v Current

A plot of voltage and current was drawn with
voltage on y axis and current on x axis. Peak voltage
of 0.606V was noted for a current of 0.01A. A
decrease in voltage was noted as current was
increased due to resistive losses.
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Chart 3: Power Density v Current Density

From the power density vs current density
graph it can be inferred that power density increases
until current density reaches 33 mA/cm? after which
there is a decrease in power density due to resistive
losses.

6.CONCLUSION

By means of this project we have successfully
developed an anode supported SOFC which has
NiO/YSZ as anode and LSM as Cathode. Under the
operating temperature of 8000 C with hydrogen as
fuel, an open circuit voltage of 0.66 V was recorded.
The 2 mm thick pellet gave a maximum powder
density of 8.89 mW/cm2 under the above mentioned
conditions. By the applications of modern technology,
the thickness of the pellet can be reduced to micron
meters. These thin pellets will have vey less
resistance and high levels of ionic conductivity,
thereby increasing the output power
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