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Effects of the Use of Pore Formers on Performance of an Anode

Supported Solid Oxide Fuel Cell

Jeffery J. Haslam.*" Ai-Quoc Pham, Brandon W. Chung, Joseph F. DiCarlo,' and Robert S. Glass

The effects of amount of pore former used to produce porosity in
the anode of an anode supported planar solid oxide fuel cell were
examined. The pore-forming material utilized was rice starch.
The reduction rate of the anode material was measured by
Thermogravimetric analysis to qualitatively characterize the gas
transport within the porous anode materials. Fuel cells with var-
ying amounts of porosity produced by using rice starch as a pore
former were tested. The performance of the fuel cell was the
greatest with an optimum amount of pore former used to create
porosity in the anode. This optimum is believed to be related to a
trade off between increasing gas diffusion to the active three-
phase boundary region of the anode and the loss of performance
because of the replacement of active three-phase boundary re-
gions of the anode with porosity.

I. Introduction

IT is desirable to improve the performance of solid oxide fuel
cells for intermediate and high temperature use to help solid
oxide fuel cells meet technical and economic requirements for
power production. The performance of solid electrodes for solid
oxide fuel cells is related to available surface area for reaction
and the ability of reactants to reach the reaction area.' The
rate of the chemical reaction of the fuel and oxygen in the cell
can be limited by many effects that show up as polarization of
the cell. Polarization causes voltage drops within the cell that
limit the output voltage of the fuel cell and consequently reduce
the area-specific output power at a given current density. Sourc-
es of polarization can include electrical resistance to current
flow, resistance to ionic transport through the electrolyte, kinet-
ics of the reaction at the interfaces, charge-transfer resistance,
and polarization because of resistance to diffusion of the gases
to the active three-phase boundary reaction regions.” Polariza-
tion reduces the performance of the fuel cell.

In our previous work, there were indications of gas diffusion
limitations on the fuel cell performance for the materials that we
use for an anode supported fuel cell. In a thick anode, gas dif-
fusion can be an issue because hydrogen gas (or another fuel
gas) is diffusing into the electrode at the same time that the re-
action product (water vapor) is diffusing out of the electrode.
This is referred to as counter diffusion of hydrogen gas and wa-
ter vapor. The most common anode material for solid oxide fuel
cells starts with a mixture of ceramic particles of nickel oxide
and yttria-stabilized cubic zirconia (YSZ), which is partially
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densified and then reduced to form a nickel/YSZ composite.
This article will examine improvements in fuel cell performance
of anode supported fuel cells as measured by increased voltage
(or power) at a given current density as a function of added
porosity in the anode. The added porosity is a result of pore
formers added to the anode during fabrication. We have used
several pore formers (in particular other starches) and pore-
forming approaches (e.g. decomposable nickel salts) but only
work with rice starch is reported here.

Many ceramic bodies formed from powders inherently con-
tain pores between particles because of incomplete densification.
The porosity is present even without adding pore former to the
ceramic particle mixture. The porosity from incomplete densifi-
cation is a desirable result in fuel cell electrodes. Others previ-
ously have examined the effects of using various ceramic particle
sizes to control the amount of porosily retained after sintering
and to prevent nickel coarsening in the anode during opera-
tion.*> These are approaches for changing the microstructure
within the anode; however, they are not as effective at producing
large pore pathways within the microstructure particularly when
only fine ceramic particles (< | um) are used to form the anode.
Increased polarization in fuel cells has been related to the par-
ticle size of the powders used to form the anode because of the
dll‘ﬁ(.ulty of gas diffusion through small pores left between fine
particles.® This can pdrmu]drly be an issue with anode support-
ed designs because the anode is relatively thick. Analytical ex
planations have been developed which indicate this condition’
and there is some experimental evidence of po]anzallon associ-
ated with water vapor concentration in the anode.” Microscopy,
porosimetry, and permeability measurements have also been
used to study microstructures for thick anode materials.® Ad-
ditional porosity can be produced by adding pore former
materials, whmh decompose to gases during heat treatment
processes. ? These pore formers are oltc.n orgamc materials. Var-
ious materials have been used for this purpose in the anode of
solid oxide fuel cells including 0rdphmc carbon,'” short carbon
fibers,'" and polymer sphcrw Addmonally work has been
carried out to produce tape LdSl cuamlc materials with similar
types of pore-forming materials.'* Issues with gas diffusion lim-
iting the current density and consequently the pgrformance of
fuel cells have been noted previously for the anode.” Although
other authors have reported work with various particle size of-
fects for the anode and the use of pore formers in the micro-
structure, there is not a clear experimental illustration of the
influence of quantity of pore former on solid oxide fuel cell
performance.

Performance of the anode in an anode supported solid oxide
fuel cell depends on more than just the amount of porosity in the
anode. In an electrode, a continuous connection of pores is nec-
essary to allow diffusion of reactants to the active reaction area
and diffusion of reaction product from the active reaction area.
In a nickel/YSZ composite fuel cell anode, there is an effective
thickness where reaction occurs next to the electrolyte (the active
three-phase boundary reaction area) that can be the order of
50-150 um.? The size of the pores can be important in allowing
rapid diffusion of gas (in solid oxide fuel cells) to the active
reaction area within the electrodes. Obviously, reducing pore






