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(1) [ Effects of Lanthanum-based Perovskite Coatings on the
Formation of Oxide Scale for Ferritic SOFC Interconnect] : Three
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lanthanum-based perovskite ceramic compounds, LaygCag,CrOs,
LaggSry,CrOs, and LaggSro-MnQO;, were coated on ferritic stainless
steel by the spin coating technique, and the effects on the formation of
oxide scale have been investigated. The coated samples were aged at
800°C in ambient air atmosphere for up to 1600 hours. After each
ageing period, the measurement of electrical area -specific resistance
(ASR) was conducted. The evolution of crystalline phases and
microstructures of aged samples were examined using the X-ray
diffractometer and the scanning electron microscope. It was found that
the perovskite pastes could facilitate the growth of (Mn, Cr);O4 spinel
phases with coarser crystalline structures and higher levels of Mn
content. After 1600-h ageing, coated samples exhibited an average
ASR result of ~3 mQ-cm’, approximately one-third that of the
uncoated sample. The ASR difference was attributed to the Mn
content and crystallite size of the spinel phase. 0254-0584, Materials
Chemistry and Physics, 127, 1-2, 45~50. (SCI)

(2) [High-temperature mechanical properties of a solid oxide fuel

cell glass sealant in sintered forms] : High-temperature mechanical
properties of a silicate-based glass sealant (GC-9) for planar solid
oxide fuel cell have been studied in sintered forms. Ring-on-ring
biaxial flexural tests are carried out at room temperature to 800°C for
the sintered GC-9 glass. The results are also compared with those in
cast bulk forms. From the force-displacement curves, the glass
transition temperature (Tg) of the non-aged, sintered GC-9 glass is
estimated to be between 700°C and 750°C, while that of the aged one
is between 750°C and 800°C. Due to a crack healing effect of the
residual glass at high temperature, the flexural strength of the sintered
GC-9 glass at temperature of 650°C to Tg point is greater than that at
room temperature. At temperature above Tg, the flexural strength and
stiffness are considerably reduced to a level lower than the
room-temperature one. The sintered GC-9 glass with pores and
crystalline phases has a flexural strength lower than the cast bulk one
at temperature of 650°C and below. Due to a greater extent of
crystallization, the flexural strength and stiffness of the sintered GC-9
glass are greater than those of the cast bulk one at 700-800°C.
0378-7753, Journal of Power Sources, 196/7/3583-3591, 2011. (SCI)

(3) [Synthesis and evaluation of carbon nanotube-supported RuSe

catalyst for direct methanol fuel cell cathode] : Ruthenium selenide

(RuSe) supported on a carbon nanotube (CNT) material, i.e.,
RuSe/CNT, with a controlledcomposition (Ru:Se1:0.2) was
synthesized using a modified polyol method as a model catalyst for
direct methanol fuel cell (DMFC) cathode. The prepared
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electrocatalyst was physically characterized by means of Transmission
Electron Microscopy (TEM), X-ray Diffraction (XRD) Spectroscopy
and X-ray Photoelectron Spectroscopy (XPS), and its activity for
oxygen reduction reaction (ORR)  wasexamined  using
Linear-SweepVoltammetry (LSV). In addition, the methanol tolerance
was characterized using Electrochemical Impedance Spectroscopy
(EIS). It was found that the prepared RuSe/CNT catalyst has good
catalyst morphology, uniform and small particle size, and controllable
catalyst composition. After subjecting to a proper heat treatment at
400°C, the electrocatalyst exhibits a good oxygen reduction activity
with high methanol tolerance. From both LSV and XPS analyses, it
was concluded that a high Se3d5/2 content plays an important role for
oxygen reduction on RuSe/CNT. The EIS characterization also
identified the presence of reaction intermediates during the oxygen
reduction process. Based on the test results, the mechanisms
underlying the dual function of the RuSe/CNT catalyst are proposed.
The prepared catalyst was further evaluated for its potential
application to DMFC. At 70 C, the single-cell DMFC integrated with
RuSe/CNT exhibited a performance much better than that
incorporated with Pt/C counterpart when operated with a
high-concentration (i.e., 6 M) methanol fuel. However, substantial
improvements are still needed for practical applications. 0360-3199,
International Journal of Hydrogen Energy, 36, 2011, 3997-4006. (SCI)

(4) [Analysis of Joint Strength Between a Metallic Interconnect and

Glass-Ceramic Sealant for use in Solid Oxide Fuel Cells): The
objective of this study is to investigate the joint strength between a
newly developed glass-ceramic sealant and metallic interconnect for
application in planar solid oxide fuel cells (pSOFCs). A methodology
of evaluating the joint strength at room temperature (RT) and 800°C
was developed in testing two types of sandwich-like specimens under
shear and tensile loading. Effects of number of sealant-spreading side
and aging treatment on the joint strength at RT and 800°C were
studied. Regardless of the testing temperature and loading mode, the
joint strength of specimens with two sides of glass-ceramic sealant
was greater than that of single-side ones due to a better wetting effect.
An aging treatment at 800°C for 250 or 500 h degraded the shear

joint strength at 800°C by 17%. A longer aging time of 1000 h further

reduced the high-temperature shear joint strength by a slightly
additional extent from 17% to 19%. EI, 35, 1, 2527-2536. (SCI)

(5) [Efficiency Analyses of Ethanol-fueled Solid Oxide Fuel Cell

Power System] : In this study, the balance of plant (BOP) of an
ethanol-fueled SOFC is analyzed using the GCTool software package
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developed by Argonne National Laboratory (ANL). The effects of the
excess air ratio and fuel utilization on the electric and heat efficiencies
of the SOFC are systematically examined for two reforming methods
(steam reforming and auto-thermal reforming) and two flow sheets
(BOP A and BOP B). In BOP A, the cathode-off gas is passed directly
to the afterburner together with the unreacted fuel, and the hot flue gas
exiting the burner is then used to provide the thermal energy required
for the ethanol reforming process. In BOP B, the cathode-off gas is
passed through a heat exchanger in order to heat the ethanol fuel prior
to the reforming process, and is then flowed into the burner with the
unreacted fuel. The results show that given an SOFC inlet temperature
of 650°C, a fuel utilization of 70.2% and excess air ratios of 4, 6 and 7,
respectively, the overall system efficiency is equal to 74.9%, 72.3%
and 71.0%. In general, the results presented in this study provide a
useful starting point for the design and development of practical
ethanol-fueled SOFC test systems. 0306-2619, Applied Energy, 2011,
Applied Energy 88, 3990-3998. (SCI)

BEAEAFUALT CHRPTS 5 S 2 R E G R)

(1) [Fabrication and evaluation of electrochemical characteristics of the

composite cathode layers for the anode-supported solid-oxide fuel
cells] : The various composite cathode layers on the solid oxide fuel
cells (SOFCs) with a dense electrolyte of yttria-stabilized zirconia
(YSZ) are investigated in this study. The ceramic powders of
Lag¢Sr94Co0,Feg305.  (LSCF), Ba5Sro5Co¢,Fes0s.  (BSCF),
LaolgsrollGao.gMgo.QO} (LSGM), and GdO.QCCO.gO} (GDC) are
prepared by the glycine-nitrate combustion process. The different
formations of composite cathode layers are coated onto the
NiO-YSZ/YSZ half-cells via a screen printing method. Scanning
electron microscopy (SEM) micrographs show that all of the samples
can be well adherent to the YSZ electrolyte. From the energy
dispersive X-ray (EDX) result, the undesired compound of SrZrO; is
formed between the YSZ electrolyte and the composite cathode layers
with LSCF and BSCF at the sintering temperature of 1000 °C .
According to the results of the electrochemical test and
electrochemical impedance spectroscopy (EIS), the composite cathode
layer with YSZ-La(gSr,MnO;. (LSM) interlayer exhibits the best
electrochemical performance. The maximum power density can
achieve the value of above 400 mW cm™ for the samples with
YSZ-LSM interlayer. 1876-1070, Journal of the Taiwan Institute of
Chemical Engineers, 42, 5, 775-782. (SCI)

(2) [Characterizations of the anode-supported solid-oxide fuel cells with an

yttria stabilized zirconia thin film by the diagnosis of the electrochemical

25



%%Héﬁﬁfi (i

57 ?“,Bﬁ}

impedance spectroscopy] : The anode-supported solid oxide fuel cells
(SOFCs) with an yttria-stabilized zirconia (YSZ) electrolyte have
been successfully prepared by the sequential steps of fabricating
technique including tape casting, spin coating, and screen-printing.
Two types of the SOFCs are manufactured and their cell performances
are characterized via the detail analysis of the electrochemical
impedance spectroscopy (EIS). The maximum power densities are 411
and 289 mW cm™ for the high and low performance cells at 800°C,

respectively. According to the EIS analysis, the electrochemical
performance of the poor cell is dominated by the anodic non-charge
transfer resistance, which is mainly resulted by the gas diffusion
polarization due to the low porosity of the anode. The high
performance cell is controlled by the simultaneous contributions of the
ohmic resistance (RO), the anodic polarization (RAP), and the
cathodic polarization (RCP) at the operation temperature of 800°C.
However, the RCP will dominate the performance of the cell as the
temperature is lowered down to 700°C. 0013-4651, Journal of The

Electrochemical Society, 158, 3, B259-B265. (SCI)

(3) [ Fabrication and Characterization of SDC-SSC Composite

Cathode for Anode Supported Solid Oxide Fuel Cell] : The
Sm 5Sr(sC003.5 (SSC) with perovskite structure was synthesized by
the Glycine Nitrate Process (GNP). The phase evolution of SSC
powder with different calcination temperatures were investigated by
X-ray diffraction and thermogravimetric analyses. The XRD results
show that the single perovskite phase of the SSC is completely formed
above 1100°C. The anode-supported single cell was constructed with
a porous Ni—Yittria-stabilized zirconia (YSZ) anode substrate, an
airtight YSZ electrolyte, a Sm(,Ce30,.5 (SDC) barrier layer, and a
screen-printed SSC-SDC composite cathode. The SEM results show
that the dense YSZ electrolyte layer exhibits the good interfacial
contact with both the Ni-YSZ and the SDC barrier layer. The porous
SSC-SDC cathode shows an excellent adhesion with the SDC barrier
layer. For the performance test, the maximum power densities were
464, 351 and 243 mW cm™ at 800, 750 and 700°C, respectively.
According to the results of the electrochemical impedance
spectroscopy (EIS), the charge-transfer resistances of the electrodes
were 0.49 and 1.24 Q cm’, and the non charge-transfer resistances
were 0.48 and 0.51 Q cm?” at 800 and 700°C, respectively. The cathode

material of SSC is compatible with the YSZ electrolyte via a delicate
scheme employed in the fabrication process of unit cell. 0378-7753,
Journal of Power Sources > 196/3129-3133 » 2011. (SCI)
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(1) [Preparation of BaZr,;Ce,;Y(,0;4 Based Solid Oxide Fuel
Cells with Anode Functional Layers by Tape Casting]): Solid oxide
fuel cells (SOFCs) based on the proton conducting
BaZry1Ce7Y0205- (BZCY) electrolyte were prepared and tested
in 500-700°C using humidified H, as fuel (100 cm® min~" with 3%
H,0) and dry O, (50 cm® min™") as oxidant. Thin NiO-BZCY anode
functional layers (AFL) with 0, 5, 10 and 15 wt.% carbon pore former
were inserted between the NiO-BZCY anode and BZCY electrolyte to
enhance the cell performance. The anode/AFL/BZCY half cells were
prepared by tape casting and co-sintering (1300°C/ 8 hours), while the
Smg sSrg5sC003- . (SSC) cathodes were prepared by thermal spray
deposition. Well adhered planar SOFCs were obtained and the test
results indicated that the SOFC with an AFL containing 10wt.% pore
former content showed the best performance: area specific resistance
as low as 0.39 Q cm” and peak power density as high as 0.863 W cm™
were obtained at 700°C . High open circuit voltages ranging from 1.00
to 1.12 V in 700-500°C also indicated negligible leakage of fuel gas

through the electrolyte. 1615-6846, Fuel Cells, 11, 2, 178~183.
(SCI)

(2) [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 (La75Sr0,5CrosMngsO3) diffusion barrier
layer, nano-structured LDC (CegsslagssO;)-Ni composite anode,
LDC diffusion barrier layer, LSGM (Lao.gsrolzGaolgMg0.203)
electrolyte, LSCF (Lags5Sr(4Co0,Fe(s03)-LSGM composite cathode
interlayer and LSCF cathode current collector have been fabricated
successfully by atmospheric plasma spraying (APS). The APS cells
with 15 ecm” 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/ 1932-1939 » 2011. (SCI)
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(3) [ Dead Load Effect on performances of Metal-supported
ITSOFCs Fabricated by Atmospheric Plasma Spraying] : The
nickel metal supported cells fabricated by atmospheric plasma
spraying are heat-treated in air at 960°C for 2 h with different dead
loads. The current-voltage-power and AC impedance measurements
show the prepared cell with a dead load of 450 g cm™ has a better
electrochemical performance at test temperatures 650°C. For test
temperatures <650°C, the maximum power densities at 450 g cm™
dead load are about the same as the maximum power densities at 1250
g cm” dead load. The SEM micrograph indicates that the cathode
including the cathode interlayer and the cathode current collector is
the most porous region in the cell. AC impedance results show this
cathode is the most sensitive part to the applied dead load and the cell
with 450 g cm™ dead load has the smallest low frequency intercept R,
and the polarization resistance Rp at temperatures from 600 to 800°C.
0378-7753, Journal of Power Sources. (SCI)

(4) [ Preparation and Characterization of Reticular SSC Cathode
Films by Electrostatic Spray Deposition] : SmgsSr;sC005.5 (SSC)
cathode films for solid oxide fuel cells were deposited on CGO
(Gd1Cep90195) electrolyte substrates by electrostatic spray
deposition to prepare SSC/CGO/SSC symmetrical cells. Deposition
parameters were changed systematically to examine their effects on
film microstructure and electrode performance. A set of deposition
parameters including a 0.01 M precursor solution containing metal
nitrates in a mixture solvent of de-ionized water (0.6 vol%), ethanol
(1.5 vol%) and diethyl butyl carbitol (97.9 vol%), a flow rate of 6
ml/h for precursor solution, a deposition temperature of 350°C and an
imposed electric field of 10 kV/3 cm was identified for preparation of
films with a highly porous reticular structure. The superior
performance of a reticular SSC electrode was evidenced by its low
interfacial resistances of 0.275 and 0.018 Q cm” measured in 500 and
700°C, respectively. These values were one-half to one order of
magnitude smaller than that of the screen-printed -electrodes.
0955-2219, Journal of The European Ceramic Society, Accepted. (%

*)
BE R e e FRE BT 3 5)

(1) [ Probing the Room-temperature Spatial Distribution of
Hydrogen in Nanoporous Carbon by use of Small-angle Neutron
Scattering] : The spatial distribution of hydrogen physically adsorbed
in a nanoporous carbon at room temperature (RT) as a function of
hydrogen pressure is investigated for the first time using small-angle
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neutron scattering (SANS). Hierarchical pore structure consisting of
micropores and fractal mesopore network for the used activated
carbon is also studied to correlate the relationship between the spatial
distribution of hydrogen and the pore confinement. The cylinder-like
cluster of aggregated hydrogen is formed and is confined in the
disk-like micropore. The evolution of spatial structures of adsorbed
hydrogen with hydrogen pressure is depicted. The direct experimental
observations of the spatial distribution and the behavior of hydrogen
adsorbed in the porous materials at RT are still rare to date. The
information yielded by SANS technique provides a new knowledge to
the future investigations of the RT storage mechanism of hydrogen in
the nanoporous materials developed for the purpose of on-board
hydrogen storage. 1932-7447, Journal of Physical Chemistry C >

114/19895-19900 - 2010. (SCI)

(2) [Adsorption of single platinum atom on the graphite oxide: the

bifunctional catalytic effect of the graphene layer] : We present the

density functional calculations for the adsorption of single platinum
(Pt) atom on the two-fold bridged-oxygen (Ob) covered graphene
(graphite oxide, GO). We use the ab initio molecular dynamics
method to simulate the approach of the Pt normal to the GO surface to
identify the initial adsorption site and use the adaptive Kinetic
Monte-Carlo method to locate the transition states with low energy
barriers (Ea <1 eV). We found the Pt at low kinetic energies will
always be pulled toward the Ob and the reactions that follow will be
dominated by a nearly barrierless (Ea=0.002 eV) Pt—-Ob pathway to
give rise to an upward tilted Pt—Oa geometry (all state) with the Oa
sitting at the atop site on one of the two carbons originally connected
to the Ob and leaving the other with a lone-paired and semi-filled
orbital (C* radical). Reactions of the all state branch off into nine
reaction pathways, which are divided into the Pt—-C and —O groups
with the former giving rise to large distortion (Ea=0.50 eV), or even
causing disruption (Ea=0.36 eV), on the carbon lattice, and the latter
giving rise to bifurcation of the early- and late-C* pathways
depending when the long-lived C* is participated in the reaction. The
late-C* further splits into the early- and late-C* manifolds and the
bifurcation stops till all of the C* in the late-C* pathways are
deactivated. The high reactivity of the C* renders the catalytic
property of the Pt-decorated graphene bi-functional, with one role
being a radical to enhance the reactivity of the Pt, and the other being
a self-cleaning agent to remove the reaction products from the surface
by the sp2 hybridization of the carbon connecting to the products,
which removing process refreshes the surface with regenerated
receptor sites allowing reaction of the Pt with other incoming
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reactants to proceed continuously. The bifunctional catalytic property
of the graphene layer explain well how the extremely small Pt
particles (<0.5 nm) could give rise to enhanced -electrocatalytic
reactions and how the mysterious spillover of atomic hydrogen from
the Pt to the supporting carbons could take place via the airborne
pathway. 1932-7447, Journal of Physical Chemistry C, 115, 24,
12023-12032. (SCI)

(3) [ Hydrogen Spillover effect of Pt-doped Activated Carbon
Studied by Inelastic Neutron Scattering] : We employed inelastic
neutron scattering (INS) method to directly monitor the change of
molecular hydrogen in the Pt-doped activated carbon (Pt/AC) samples
and provide very conclusive evidence that significant hydrogen atoms
can diffuse to the carbon surface at room temperature during the
spillover process. INS method is uniquely capable of revealing the
state of the hydrogen (either atomic or molecular forms). The INS
result shows a direct quantitative evaluation of the amount of
hydrogen adsorbed on AC in an atomic form via spillover. Two Pt/AC
samples with different spillover effect were studied herein. The
spillover behavior related to disassociation, diffusion and adsorption
of hydrogen in the Pt/AC samples at the temperature cycling from 4 K
up to 300 K was investigated by this INS study. The present study
proposes the concept of diffusion length and hydrogen rich domain

around a Pt cluster center in this system based on INS data.
1948-7185, The Journal of Physical Chemistry Letters, 2, 2322-2325.

(SCI)
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