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(1) [ Thermal stress and thermo-electrochemical analysis of a planar

anode-supported solid oxide fuel cell: Effects of anode porosity] : A
3D integrated model is constructed to evaluate thermal-fluid
behavior and thermal stress analysis for a planar anode-supported
SOFC cell. The commercial code Star-CD with es-sofc module is
employed to simulate the current-voltage (I-V) as a function of
porosity, and to obtain the temperature field of a test cell under
different operating conditions. The temperature field is then
imported into finite-element software MARC for further thermal
stress analysis. In this study, assessments are performed as regard to
operating voltages, temperature gradients and anode porosity of a
SOFC cell. The numerical calculations are validated by experimental
data of a test cell. They are in good agreement. A comparison of
calculated thermal stresses with its flexural strength of a Positive
electrode- Electrolyte-Negative electrode (PEN) indicates that the
maximum stresses are lower than the fracture strength under normal
operating condition. (0378-7753, JOURNAL OF POWER
SOURCES, 195, 1895~1904. SCI)

(2) [Experimental study of after-burner operation for a 1 kW SOFC

system with natural gas reformer] : The functions of the ater-burner,
which burns anode off gas and cathode off air, are to decrease the
harmful emissions and to increase the thermal efficiency in the solid
oxide fuel cell (SOFC) system. The requirements of after-burner
performance should avoid flash back or flame extinction occurring
during the operation with a SOFC stack. A series of experiments
have been conducted to investigate the optimal operations of
after-burner, porous media burner, for a 1 kW SOFC power system.
In order to determine the test conditions of anode off gas, a general
computational tool GCTool is verified for simulating the
composition of reformate gas and anode off gas under different
SOFC fuel utilization. The test results revealed that the flame barrier
temperature in after-burner needs to control at a certain range to
enhance the operation range and to cover various conditions. Finally
no extra fuel and additional cooling air is accomplished under the
long term operation of SOFC system. (0378-7753, J POWER
SOURCES, 195, 1454~1462. SCI)
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(3) [Effects of Crystallization on the High-Temperature Mechanical
Properties of a Glass Sealant for Solid Oxide Fuel Cell] : Effects of
crystallization on the high-temperature mechanical properties of a
newly developed silicate-based glass sealant (GC-9) are investigated
for use in planar solid oxide fuel cell (pSOFC). The aged,
crystallized GC-9 glass is produced by heat treatment of the original
GC-9 glass at 900°C for 3 h. Not only crystalline phases are formed
but the residual glass is also changed in the aged GC-9 glass after
the heat treatment. Mechanical properties of the aged GC-9 glass are
determined by four-point bending technique at temperature from 25
‘C to 750°C. The glass transition temperature of the given glass is
reduced but the softening temperature is increased by such a
crystallization heat treatment. The aged GC-9 glass exhibits a greater
flexural strength and Young’s modulus than the non-aged one at
temperature below 650°C due to the existence of crystalline phases.
At temperature of 700°C and 750°C, a greater extent of stress
relaxation is found in the aged GC-9 glass such that its strength and
stiffness are much lower than those of the non-aged one. The
changes in the thermal and mechanical properties through the given
aging treatment are favorable for application of the GC-9 glass
sealant in pSOFC. (0378-7753, JOURNAL OF POWER SOURCES,
195, 10, 3159~3165. SCI)

(4) [ Numerical investigation into premixed hydrogen combustion
within two-stage porous media burner of 1 kW solid oxide fuel cell
system ] : Numerical simulations are performed to analyze the
combustion of the anode off-gas / cathode off-gas mixture within the
two-stage porous media burner of a 1 kW solid oxide fuel cell
(SOFC) system. In performing the simulations, the anode gas is
assumed to be hydrogen and the combustion of the gas mixture is
modeled using a turbulent flow model. The validity of the numerical
model is confirmed by comparing the simulation results for the
flame barrier temperature and the porous media temperature with the
corresponding experimental results. Simulations are then performed
to investigate the effects of the hydrogen content and the burner
geometry on the temperature distribution within the burner and the
corresponding operational range. It is shown that the maximum
flame temperature increases with an increasing hydrogen content. In
addition, it is found that the burner has an operational range of
1.2~6.5 kW when assigned its default geometry settings (i.e. a length
and diameter of 0.17 m and 0.06 m, respectively), but increases to
2~9 kW and 2.6~11.5 kW when the length and diameter are
increased by a factor of 1.5, respectively. Finally, the operational
range increases to 3.5~16.5 kW when both the diameter and the
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length of the burner are increased by a factor of 1.5.
(INTERNATIONAL JOURNAL OF ENERGY AND
ENVIRONMENT, 1, 4, 589~606.)

(5) [Parametric study of anodic microstructures to cell performance of
planar solid oxide fuel cell using measured porous transport
properties ] : This study reports effects of porosity (€), permeability
(k) and tortuosity (t) of anodic microstructures to peak power
density (PPD) of a single-unit planar anode-supported SOFC based
on3Delectrochemicalflow models using measured porous transport
properties. Applying particle image velocimetry, a transparent
porous rib-channel with different ¢ is applied to measure an effective
viscosity (ue) in the Brinkman equation commonly used to predict
flow properties in porous electrodes. It is found that, contrary to the
popular scenario, pe is not equal to the fluid viscosity (uf), but it is
several orders in magnitude smaller than pf resulting in more than
10% difference on values of PPD. Numerical analyses show: (1)
while keeping k and t fixed with ¢ varying from 0.2 to 0.6, the
highest PPD occurs at €=0.3 where the corresponding
triple-phase-boundary length is a maximum; (2) PPD increases
slightly with k when k<10—11 m2 due to the diffusion limitation in
anode; and (3) PPD decreases with © when t >1.5 due to the
accumulation of non-depleted products. Hence, a combination of &=
0.3, k=10—11 m2, and 7 =1.5 is suggested for achieving higher
cell performance of planar SOFC. (0378-7753, JOURNAL OF
POWER SOURCES, 195, 2260~2265. SCI)

(6) [ The impact of flow distributors on the performance of planar solid
oxide fuel cell] : This paper presents a newly established testing rig
for planar solid oxide fuel cell. Two sets of nearly identical
single-cell stacks except using different designs of flow distributors
are measured to show how exactly the cell performance of such
single-cell stacks would vary with a change in the degree of flow
uniformity. It is found that by using small guide vanes around the
feed header of commonly used ribchannel flow distributors to
improve effectively the degree of flow uniformity, the power density
of the single-cell stack can be increased by 10% as compared to that
without using guide vanes under exactly the same experimental
conditions. Also discussed are the start-up procedure and effects of
hydrogen and air flow rates varying from 0.4 slpm to 1 slpm on cell
performance of these two single-cell stacks which are measured over
a range of the operating temperature varying from 650°C to 850°C.
After 100 h of continuous cell operation, the examination of the
reduction and oxidation stability of the anodic surface reveals that
the improvement of flow uniformity in flow distributors is useful to
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achieve a more balanced use of the anodic catalyst. (0378-7753,
JOURNAL OF POWER SOURCES, 195, 6280~6286. SCI)

(7) [ Thermodynamic analysis of hydrogen production from methane
via autothermal reforming and partial oxidation followed by water
gas shift reaction] : Reaction characteristics of hydrogen production
from a one-stage reaction and a two-stage reaction are studied and
compared with each other in the present study, by means of
thermodynamic analyses. In the one-stage reaction, the autothermal
reforming (ATR) of methane is considered. In the two-stage reaction,
it is featured by the partial oxidation of methane (POM) followed by
a water gas shift reaction (WGSR) where the temperatures of POM
and WGSR are individually controlled. The results indicate that the
reaction temperature of ATR plays an important role in determining
H2 yield. Meanwhile, the conditions of higher steam/methane (S/C)
ratio and lower oxygen/methane (O/C) ratio in association with a
higher reaction temperature have a trend to increase H2 yield. When
O/C  0.125, the coking behavior may be exhibited. In regard to the
two-stage reaction, it is found that the methane conversion is always
high in POM, regardless of what the reaction temperature is. When
the O/C ratio is smaller than 0.5, H2 is generated from the partial
oxidation and thermal decomposition of methane, causing solid
carbon deposition. Following the performance of WGSR, it suggests
that the H2 yield of the two-stage reaction is significantly affected
by the reaction temperature of WGSR. This reflects that the
temperature of WGSR is the key factor in producing H2. When
methane, oxygen and steam are in the stoichiometric ratio (i.e.
1:0.5:1), the maximum H2 yield from ATR is 2.25 which occurs at
800°C. In contrast, the maximum H2 yield of the two-stage reaction
is 2.89 with the WGSR temperature of 200°C. Accordingly, it
reveals that the two-stage reaction is a recommended fuel processing
method for hydrogen production because of its higher H2 yield and
flexible operation. (0360-3199, INTERNATIONAL JOURNAL OF
HYDROGEN ENERGY, 35, 21, 11787~11797. SCI)

(8) [Numerical analysis of effects of flow channel size on reactant
transport in a proton exchange membrane fuel cell stack ] :
Numerical simulation of transport phenomena in a six-cell PEM fuel
cell stack is performed to adjust the gas channel size of individual
cells to obtain evenly distributed cell voltages. Commercial software,
CFD-ACE-H, is used as the solution code, and the effects of various
combinations of geometric parameters of the channels are
investigated, including the channel width ratios (A ) and the heights
of the gas channels (h). Furthermore, a six-cell fuel cell stack was
assembled for experiments, and the polarization curves of the stack
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were measured. With the help of the experimental data, the values of
the physical and electrochemical parameters adopted in the
computation model are determined, and the computation model is
then used in numerical simulation. Under the assumption of no dry
out in the cells, an even voltage distribution can be obtained if the
distribution of reactant gas is uniform among the cells. In this study,
better combinations of the channel width ratios and the heights of
gas channels for individual cells are proposed to yield a uniform
distribution of the reactant gases in the cells. An adjustment of the
geometric parameters of gas channels that leads to evenly distributed
voltages is attempted, and a 16.5% increase in the performance of
the fuel cell stack is observed simply by adjusting the sizes of the
gas channels. (0378-7753, JOURNAL OF POWER SOURCES, 194,
349~359. SCI)

(9) [ Comparison of Oxidation Behaviors among three Fe-Cr based
Alloys for Solid Oxide Fuel Cell Interconnect ) : Two metallic alloys,
containing comparable amounts of Cr underwent oxidation in hot air
simulating (the solid oxide fuel cell cathode atmosphere) for various
periods. The results demonstrated that the oxidation kinetics of
Crofer22 APU and equivalent ZMG232 followed the parabolic rate
law and oxidation rates increased with temperature. Typical
oxidation rates of Crofer22 APU and ZMG232 upon annealing
treatment are approximately 0.21 orders of magnitude lower than
that of ZMG232. An oxide scale electron probe micro analyzer
(EPMA), a scanning electron microscope (SEM) and X-ray
diffractometer were adopted to verify the applicability of
Fe-Cr-based alloys in the SOFC interconnect component. Two alloys
contain comparable amount of Cr, Mn, Fe, and their surface oxides
as analyzed indicate to be Cr203 and (Mn, Fe)Cr204 spinel
compound. In summary, Crofer22 APU had the best oxidation
resistance of any of the alloys of interest. (1478-422X,
CORROSION ENGINEERING SCIENCE AND TECHNOLOGY,
SCI) (& #&%)

AL BT A LB ()

(1) [ Fabrication and characterization of Ba0.5Sr0.5C00.8Fe0.203-
0-GDC cathode for anode supported SOFC] : Ba0.5Sr0.5C00.8
Fe0.203-6 (BSCF) and Gadolinia doped ceria (GDC) are
synthesized via glycine-nitrate process (GNP). A cubic perovskite of
BSCF is observed by X-ray diffraction (XRD) at calcination
temperature above 950°C . The anode supported single cell is
constructed by the porous NiO+YSZ as anode substrate, the
yittria-stabilized zirconia (YSZ) as electrolyte, porous BSCF-GDC
layer as cathode with GDC barrier layer. For the performance test,
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the maximum power density is 191.3 mWcm-2 for the temperature
of 750°C with H2 fuel and air at flow rates of 335 and 670 sccm,
respectively. According to the AC-impedance data, the charge
transfer resistances of clectrodes are 0.1 and 1.59 cm2; and the
oxygen reduction and diffusion resistances of oxygen ions are 0.69
and 098 cm2 at 750 °C and 600 C , respectively. SEM

microstructure indicates that the as-fabricated fuel cell exhibits the
good compatibility between cathode and electrolyte layer.
(0378-7753, JOURNAL OF POWER SOURCES, 195, 2220~2223.
SCI)

(2) [Fabrication and evaluation of the electrochemical performance of

the anode supported solid oxide fuel cell with the composite cathode
of  La0.8Sr0.2MnO3--  Gdolinia-doped  ceria  oxide /
La0.8Sr0.2MnO3- ] : The anode supported single cell is

constructed by the porous Ni-Yittria-stabilized zirconia (YSZ) as
anode substrate, an air-tight YSZ as electrolyte, and a screen-printed
La0.8Sr0.2Mn0O3- _LSM-Gadolinia-doped ceria (GDC) /LSM
double-layer cathode. The SEM results show that the YSZ thin film
is highly integrated and fully dense with a thickness of 13 m and
exhibits the good compatibility between cathode and electrolyte
layers. Key effects of the cell operation parameters of feed rates of
the reactants, temperature, and contact pressure between current
collector and unit cell on the cell performance were systematically
investigated and the result evaluation was based on the assumption
that the anode contribution to the polarization resistance was
negligible. It showed that the electrochemical reaction was limited
by mass transfer control when airflow rate was decreased to 500
mlmin-1. The maximum power density was 204.6 mWcm-2 at the
temperature of 800°C with H2 fuel and air at flow rates of 800 and

2000 mlmin-1, respectively. According to the AC-impedance data,
the resistances of charge transfer at the -electrode/electrolyte
interface were 3.79 and 1.90 cm2; and the resistances of oxygen
reduction processes were 3.63 and 1.01 cm2 at 700°C and 800°C,
respectively. The results of the sensitivity analysis of the variation of
the contact pressure between current collectors and membrane
electrode assembly (MEA) also showed that the influence was
enhanced at the regions of the high current and low flow rate,
respectively. (0378-7753, JOURNAL OF POWER SOURCES, 195,
19, 6468~6472. SCI)

(3) [ High Performance Metal-supported ITSOFCs Fabricated by

Atmospheric Plasma Spraying ] : Metal-supported intermediate

temperature solid oxide fuel cells (ITSOFCs) made up of porous
nickel substrate, LSCM (La,75Sr(,5CrosMngsOs) diffusion barrier
25



falll
s

#
.

51 ﬁﬂﬁ}

layer, nano-structured LDC (CegssLagss0;)-Ni composite anode,
LDC diffusion barrier layer, LSGM (Lao.gsro.zGao.gMgo.zog
electrolyte, LSCF (Lag sgStp4Co¢,Fe503)-LSGM composite cathode
interlayer and LSCF cathode current collector have been fabricated
successfully by atmospheric plasma spraying (APS). The APS cells
with 15 cm’® active area produced remarkable electric power
densities such as 1270 mW/cm*(800°C), 978 mW/cm*(750°C), 702

mW/cm?® (700°C), 427 mW/cm® (650°C) and 232 mW/cm® (600°C)
by using H, as fuel and air as oxidant. The durability test results for
a time period of 1000 hours showed degradation rates of about
3%/kh were obtained at the test conditions of 400 mA/cm” and 700
“C  with output power densities around 355 mW/cm® at the
beginning and output power densities around 344 mW/cm® at the
end. Performance results demonstrated the success of APS
processing strategy for metal-supported and LSGM based ITSOFCs.
(0378-7753, JOURNAL OF POWER SOURCES, 196, 4,
1932~1939. SCI) (& &=

BEE R e e FE ST 45)

(1) [Hydrogen storage measurement, synthesis and characterization of
metal-organic frameworks via bridged spillover) : We present a
buoyancy compensated high-pressure thermo-gravimetric technique
to measure of hydrogen uptake of metal organic frameworks
(MOFs), which result was validated through the Southwest Research
Institute. =~ The  measured  hydrogen  uptake  for  the
Platinum/activated-carbon (Pt/AC) bridged MOFs is 2.39 wt% at 6.9
MPa, in good agreement with that (~2.48 wt%) of Lee and Yang (J.
Am. Chem. Soc. 128, p.8136, 2006). The structure parameters we
studied include the surface morphology of, the specific surface areas
of, the crystal structure of, and the dispersion of Pt/AC on the MOFs
using the scanning electron microscope, the transmission electron
microscope, the powder X-ray diffraction and the nitrogen sorption
isotherm analysis, respectively. (0925-8388, JOURNAL OF
ALLOYS AND COMPOUNDS, 492, 88~94. SCI)

(2) [Structural Analysis and Thermal Behavior of Pore Networks in
High-surface-area Metal-organic Framework ] : Metal-organic
framework-5 (MOF-5) with high surface area was synthesized in
this study. The complete picture of pore structure in the crystal from
the locally perfect micropore channels to the global mesopore
network distributed along the constituent micrograins was revealed
by small-angle X-ray scattering (SAXS). The in-situ SAXS
measurement was conducted to investigate the concurrent evolution
of mesopore structure and micrograin boundary during heating and

thermal activation at 200 °C . During the pore evacuation and
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formation of micrograin boundary, the flexible mesopores shrink,
swell and realign, while the micropores remain stably rigid. The
result shows the role of the tunable mesopore network in the MOF-5
crystal governing the storage and migration of gas molecules. This
new finding will be useful for guiding the rational crystal design and
the synthetic modification for improving the hydrogen storage.
(1932-7447, JOURNAL OF PHYSICAL CHEMISTRY C, 114,
7014~7020. SCI)

(3) [ Effect of Catalyst Size on Hydrogen Storage Capacity of

Pt-impregnated Active Carbon via Spillover ): There are two regimes
that exhibit two distinctive behaviors of spillover. The present study
used small-angle X-ray scattering (SAXS) to measure size
distribution of Pt nanoparticles in the bulk Pt-impregnated active
carbon sample. The peak position of the size distribution as
determined by SAXS turns out to be at ~1 nm, which is rarely
discussed in this field. SAXS technique is complementary to the
other characterization methods. The experimental clue coming from
SAXS measurement and our hydrogen storage capacity study shows
that the impregnated Pt nanoparticles of ~1 nmin size can enhance
the hydrogen spillover effect. It can significantly increase the room
temperature hydrogen uptake compared to currently studied similar
systems. The mass loading of catalyst is not a critical factor. Tuning
the pore-confined Pt sizes (<2 nm) in combination with an optimum
activation method should play an effective role in further
enhancement via the spillover effect. (1948-7185, JOURNAL OF
PHYSICAL CHEMISTRY LETTERS, 1, 1060~1063. SCI)

(4) [Neutron Scattering Methodology for Absolute Measurement of

Room-Temperature Hydrogen Storage Capacity and Evidence for
Spillover Effect in a Pt-Doped Activated Carbon]) : A neutron
scattering methodology is proposed to simultaneously determine the
total hydrogen adsorption, the excess hydrogen adsorption, and
hydrogen gas confined in the porous sample. This method is capable
of an absolute measurement of the hydrogen content without need
for any calibration. It involves the least amount of corrections and is
not likely to be affected by the instrumental factors compared to the
traditional gravimetric and volumetric methods. We used this
method to study the physisorption behavior at room-temperature
(RT)of a Ptdoped activated carbon sample as a function of hydrogen
pressure. This method will become a simple and important tool for
solving various problems arising from the traditional measurements
of RT hydrogen storage capacities. It can be combined with an in
situ small-angle neutron scattering to study the hydrogen spillover
effect in the kinetic adsorption process. Storage capacity and spatial
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distribution of the hydrogen adsorbed due to spillover are
concurrently revealed. (1948-7185, JOURNAL OF PHYSICAL
CHEMISTRY LETTERS, 1, 1569~1573. SCI)
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