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1. [ Synthesis and Characterization of Activated Carbon-Platinum
Composites and Effect on Hydrogen Storage Rate] : A novel, facile
and low temperature process for activated carbon-platinum (AC-Pt)
composites has been developed in the absence of additive reducing
agents. By varying the pH value and heating approach, the size and
amounts of loading Pt nanoparticles could be tuned. According to the
results of nitrogen adsorption analysis, small angle X-ray scattering
profiles (SAXS), X-ray diffractometer spectrometer patterns (XRD),
inductively coupled plasma mass spectrometry (ICP-MS) and field
emission scanning electron microscope images (FE-SEM), it was
indicated that lower pH value and higher reaction temperature would
conduce to larger Pt nanoparticles as well as greater amounts.
Attributing to the results of nitrogen adsorption analysis, the
impregnating condition of Pt nanocrystals also obviously influenced
the specific surface area and the pore structure of AC-Pt composites,
which evidently resulted in dissimilar hydrogen adsorption behavior.
In this research, the hydrogen storage rate was measured by high
pressure thermo-gravimetric analyzer (HP-TGA) under flow
condition. It was discovered that small Pt nanoparticles uniformly
distributed in pores might aid gas diffusion of hydrogen molecules
and surface diffusion of atomic hydrogen in pores of AC via the
so-called hydrogen spillover phenomenon and enhance higher
adsorption rate, even at lower Pt content. 1932-2143, Asia- Pacific
Journal of Chemical Engineering, published online
http://onlinelibrary.wiley.com/doi/10.1002/apj.659/abstract. (SCI)

2. [ Characterization of Hydrogen Adsorption in Platinum-Doped
Microporous Carbon with Varied Catalytic Properties] : The effect of
the catalytic property of platinum (Pt) on the hydrogen adsorption of
microporous carbon via spillover was investigated. The catalytic
effect on the hydrogen adsorption via spillover was clearly identified
from both adsorption isotherm and adsorption kinetic. The factors

including Pt particle size, Pt loading content and AC nature, in the
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platinum-doped activated carbon (Pt/AC) were considered in this
study. The hydrogen adsorption experiments were performed using
volumetric apparatus under room temperature (R. T.) and low
pressure (~0.1 MPa). In this study, the enhancement factors of 16
~145% due to spillover were obtained in the Pt/AC samples, because
of the difference in the textural properties of AC receptors. The
adsorption rate of spilt-over hydrogen is strongly dominated by the Pt
surface sites as functions of both crystallite size and deposition type
(with or without aggregation). When the Pt surface sites amount to
below 0.011 mmol/g, insignificant spillover effect was observed in
the hydrogen adsorption of Pt/AC. 1387-1811, Microporous and
Mesoporous Materials, 152, 157~162. (SCI)

[Joint Strength of a Solid Oxide Fuel Cell Glass-Ceramic Sealant
with Metallic Interconnect] : The aim of this study is to investigate
the joint strength between a newly developed glass-ceramic sealant
(GC-9) and metallic interconnect (Crofer 22 H) for planar solid oxide
fuel cells (pSOFCs). The joint strength is evaluated at room
temperature and 800°C under shear and tensile loading using two
types of sandwich specimens. Effects of number of initial
sealant-spreading side, pre-oxidation of metallic interconnect, and
thermal aging in air on the joint strength are studied. Regardless of
testing temperature and loading mode, the joint strength of specimens
initially with two sides of glass-ceramic sealant is greater than that of
single-side ones. A pre-oxidation treatment of the metal coupon at
900°C for 2 h or 20 h does not generate a beneficial effect on the
shear and tensile joint strength for all the given testing conditions.
Compared to the shear strength of the unaged joint specimens, a
17-19% reduction of shear joint strength at 800°C is observed for
variously aged ones. 0378-7753, Journal of Power Sources, 205,
307~317. (SCI)

[ Preparation of Platinum Impregnated Activated Carbon via Vacuum
Treatment and Effect on Hydrogen Storage Rate) : Hydrogen uptake
was effectively enhanced by platinum impregnated activated carbon
(Pt/AC) prepared in an improved vacuum treatment process. Under
high vacuum condition, the precursor of Pt could be infused into deep
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pores of AC. The fine Pt nanoparticles (<2 nm) were well dispersed in
mesopores and micropores of AC after heating reduction. The
characterization results indicate the modified vacuum treatment in
this research effectively decreased the size and improved the
dispersion of Pt catalysts. The impregnating condition of Pt
nanocrystals obviously influenced specific surface area and pore
structure, and also evidently resulted in dissimilar hydrogen
adsorption behavior. Depending on the measurement of high pressure
thermo-gravimetric analyzer under hydrogen atmosphere, the
hydrogen adsorption rate could be accurately analyzed. Notably, the
exceptional result was found in this investigation. Even with much
lower surface area and pore volume, tiny Pt nanoparticles uniformly
distributed in pores effectively assisted in hydrogen diffusing in
deeper sites of AC via spillover phenomenon, and then substantially
enhanced twice higher hydrogen uptake rate as comparing to the
original process without vacuum treatment. It means the size and
distribution of Pt catalysts in the pores of AC should be important key
factors for hydrogen spillover behavior. 1876-1070, Journal of the
Taiwan Institute of Chemical Engineers, published online:
http://www.sciencedirect.com/science/article/pii/S187610701200030

2, published online:
http://www.sciencedirect.com/science/article/pii/S187610701200030
2. (SCI)

[ Compilation of mechanical properties for the structural analysis of
solid oxide fuel cell stacks. Part I:.Constitutive materials of
anode-supported cells ] : The mechanical failure of one cell is
sufficient to lead to the end of service of a solid oxide fuel cell
(SOFC) stack. Therefore, there is growing interest in gaining
knowledge on the mechanical properties of the cell materials for
stress analysis. This study compiles available data from the literature
on the mechanical properties. Part | focuses on the most common
materials used for the manufacturing of intermediate-temperature
anode-supported cells, nickel and yttria-stabilized zirconia (Ni-YSZ)
anodes, YSZ electrolytes, yttria (YDC) or gadolinia-doped ceria
(GDC) compatibility layers and lanthanum strontium manganite
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(LSM) or lanthanum strontium cobalt ferrite (LSCF) cathodes. The
properties for the simulation of stresses, i.e. thermal expansion,
Young's modulus, Poisson's ratio, creep behaviour and strength are
reported, with an emphasis on temperature and porosity dependence
and the evolution upon aging or cycling when available. Our own
measurements of two anodes, produced by di erent manufacturing
routes are included. 0272-8842, Ceramics International, 38,
3907~3927. (SCI)

[ Effects of Pre-oxidation on the Microstructural and Electrical
Properties of Lagg;Sro33sMn0O;-s Coated Ferritic Stainless Steels] :

LaxSr;,xMnO; (LSMO) is usually coated on the surface of Solid
Oxide Fuel Cells (SOFCs) metallic interconnect as a protective layer
to prevent surface oxidation and chromium evaporation from the
interior. However, crevices in LSMO coatings could easily be
generated due to volume shrinkage by phase transformation during
aging at elevated temperatures. In this paper, the effects of
pre-oxidation on the microstructure and electrical properties of
Lag7Srp3sMnO3; (LSMO) coated ferritic stainless steels have been
investigated. Four candidates of ferritic stainless steels, Crofer22APU,
Crofer22H, ss441, and ZMG232L, were used as the interconnect
substrates in this study. Under an air atmosphere with a flow rate of 2
I/min, the above interconnect substrates were pre-oxidized at 850°C
for 0, 25, and 50 hours, respectively. After pre-oxidation process, the
LSMO films with the thickness of 3~4 um were subsequently
deposited on the surface of the pre-oxidized interconnect substrates
by using Pulsed DC magnetron sputtering. Then, the morphologies
and crystalline structures of coated specimens after aging at elevated
temperatures were demonstrated by using SEM/EDX and XRD,
respectively. The preliminary results indicated that the pre-oxidation
suppress significantly the chromium penetrating from the interior to
the surface of specimens. This could be attributed to the retardation of
the chromium diffusion by the pre-oxidized layer, (Mn, Cr)30,,
formed after pre-oxidation. Moreover, the area specific resistance
(ASR) measurements for the coated specimens were conducted by the
standard DC four-point technique at 800°C for 500 hours under air
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atmosphere. The ASR values of 25-hour pre-oxidized specimens are
2.24, 1221, 2.30, and 6.77 mQecm? for Crofer22APU, Crofer22H,
ss441, and ZMG232L, respectively. 0378-7753, Journal of Power
Sources, 213, 63~68. (SCI)

[ Effects of Electroless Nickel Plating on 441 Stainless Steel as SOFC
Interconnect]) : Metal nickel was electrolessly deposited in thickness
of approximately 6, 8, and 10 um on ferritic stainless steel 441,
respectively. Oxidation behavior of plated samples was investigated
after isothermal ageing at 750°C for 400-hour in ambient air
atmosphere. Microstructure examination showed that chromite
formed at the oxide scale/steel interface, topped with NiO on the
surface and (Fe, Ni);0, spinel layer at the sub-surface. No chromium
species was readily detected on the outer surface. Area specific
resistance measurement indicated 2.0, 3.3, and 6.3 mQecm? for 6, 8,
and 10 pm plating layers, respectively, all lower than that of the
uncoated case, 28 mQecm®. Results suggested nickel plating of
thickness 8 um would be sufficient for effectively preventing Cr
out-diffusion while maintaining a low electric resistivity. 0254-0584,
Materials Chemistry and Physics, 134, 2-3, 670~676. (SCI)

[ Dynamic Simulation and Control Strategy Development for Safe
and Fast Start-up on Solid Oxide Fuel Cell ]: An elevated temperature
is required for solid oxide fuel cell (SOFC) which operates at high
temperature (approximate 800 ).This paper addresses the dynamic
characteristics of solid oxide fuel cell with an emphasis on control
strategy development for optimized process of start-up. A
methodology on regulating inlet flow rate, temperature and current
rate is investigated to make sure the increment rate of stack
temperature is allowed for safe and fast start-up. An integrated
dynamic model for a planar solid oxide fuel cell composed of mass
balance, temperature dynamics and electrochemical reaction works
together with fuzzy sliding mode controller in MATLAB/Simulink to
simulate the dynamic characteristic of start-up process in the paper.
Two strategies based on fixed and variable inlet temperature
difference respectively are proposed and discussed. Simulation results
show the variable inlet temperature difference strategy can reduce the
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duration for safe start-up compared with the fixed inlet temperature
difference strategy. 0257-9731, Journal of the Chinese Society of
Mechanical Engineers, 33, 3, 183~192. (SCI)

[ Temperature Control of Solid Oxide Fuel Cell Using a Reference
Model during Load-Tracking Process]) : This paper demonstrates a
temperature control strategy of Solid Oxide Fuel Cell (SOFC) in a
load tracking process. Typically, SOFC uses fixed air excess ratio as
the control scheme for temperature regulation, where the air flow rate
IS proportional to current demand. An inherent imperfection
associated with SOFC is that the life time decreases with rapid
thermal change resulting from load demand changes flexibly.
Therefore, in load tracking process, air excess ratio is a critical
variable that impacts directly stability and integrity caused by
temperature fluctuation. For that, an on-line turning mechanism for
mitigating drastic fluctuation in temperature that takes place during
load transients is proposed and discussed. The mechanism refers
temperature from a reference model, obviating the need for
thermo-sensing from stack. A preliminary control law derived from a
model-based analysis forms the basis of this design, and admits
convenient integration into a comprehensive power tracking control
algorithm. With the proposed temperature control strategy, fluctuation
of temperature tracking to a pre-defined load profile is improved
greatly compared with fixed air ratio. 1936-6612, Advanced Science
Letters, 13, 56~61. (SCI)

[ A PEM fuel cell with metal foam as flow distributor ) : In this work,
we report our experimental results of the PEM fuel cell with metal
foam as flow distributor. These experimental results show the
characteristics of the PEM fuel cell with the metal foam as flow
distributor and extend our understanding of the relation between cell
performance and mass transport properties into a region of
parameters that the conventional PEM unit cell cannot provide. The
comparison in polarization curve is made between the PEM unit cell
with different metal-foam properties and the PEM unit cell with
graphite flow channel plate as flow distributor. The experimental
results show that the PEM fuel cell with metal foam as flow
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distributor possesses some unique characteristics compared with the
conventional PEM unit cell with flow channel plate as flow
distributor. The unique characteristics are listed in this paper with our
preliminary analysis. Due to the high porosity of metal-foam (as high
as 95%) plus convective flow through the metal-foam, mass transport
limitation phenomenon is not as pronounced as in the case of
conventional PEM unit cell with flow channel plate as flow
distributor. Another interesting phenomenon is that -electrical
conductivity of metal-foam plays a significant role in performance,
which is seldom the case in the conventional PEM unit cell with flow
channel plate as flow distributor. Although there are several technical
challenges to be overcome for the current form of metal-foam to
replace flow channel plates, the unique mass-transport properties of
metal foam plus its light weight are very attractive. 0196-8904,
Energy Conversion and Management, 62, 14~21. (SCI)

[ Effects of Flow Field Design on the Performance of a PEM Fuel
Cell with Metal Foam as the Flow Distributor] : In this work, we
report the improvements made on the PEM fuel cell with metal foam
as the flow distributor. The comparison in polarization curve is made
between the PEM unit cell with different metal foam flow field
designs and the PEM unit cell with graphite bipolar plate as flow
distributor. The experimental results show that after using improved
metal foam flow field designs, the fuel cell’s performance increases.
Because the gas flow is limited by the flow inlet and the metal foam
geometry, different flow field design will affect the flow pattern. Our
results show that, in the PEM unit cell with single zone metal foam,
the convection is weak at side corners. Dividing the metal foam into
multiple regions and using multiple inlets effectively increases the
gas distribution. AC impedance measurement was also performed to
study the impedance characteristics. The Nyquist and Bode plots
confirmed that Ohmic resistance, activation resistance, and mass
transfer resistance of metal foam fuel cell are all smaller than that of
conventional PEM unit cell. 0360-3199, International Journal of
Hydrogen Energy, 37, 13060~13066. (SCI)

[ Measurements of Lateral Impedance and Local Characteristics of
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Solid Oxide Fuel Cells]) : Lateral impedance and local characteristics
of anode-supported solid oxide fuel cell (SOFC) have been
investigated in this paper. The testing device which combined the
original cell housing with a four-point probe equipment was set for
measuring SOFC MEA. The current collectors on anode and cathode
in the original cell housing were respectively replaced by four
independent probe units. They are not only to collect current but also
to become measuring probes. Therefore, the lateral impedance of
anode and cathode can be measured. Furthermore, the local
characteristics were examined by open circuit voltage (OCV), I-V
curve, and electrochemical impedance spectroscopy (EIS)
measurements. The results showed the lateral impedance was
substantially varied with temperatures. The distributions of OCV,
current density, EIS and cell voltage in long-term test at the center of
the cell are different from the edge. 1550-624X, Journal of Fuel Cell
Science and Technology, 9, 4, 045001-1~5. (SCI)

A A HAAGE A TS A2 A T (2 )

1.

[ Fabrication and characterization of a Smg,Ceq 01 ¢ electrolyte film
by the spin-coating method for a low-temperature anode-supported
solid oxide fuel cell ] : The dense electrolyte film of ~15um made of
samarium-doped ceria (SDC) is fabricated by the spin-coating
process. The SDC powders are synthesized by the glycine nitrate
combustion process. It is found that the nanosized SDC powders can
be obtained at 1000°C. The cell constructed with a SDC electrolyte, a
NiO+SDC composite anode, and a SSC-SDC/SSC bi-layer cathode is
fabricated and tested at the temperatures of 400-650°C . SEM
micrographs show that the SDC electrolyte layer is well adhered to
the porous anode and the cathode. The maximum power densities of
the cell are 38, 84, 185, 303, 438, and 549 mWcm™ at temperatures of
400, 450, 500, 550, 600, and 650°C, respectively. The impedance
spectra analysis indicates that the electrode polarization and the
ohmic resistance dominate the total cell resistance at the temperatures
below and above 550°C, respectively. Further, the activation energies
of the resistances show that the cell performance is significantly

controlled by the electrode polarization resistance. The durability test
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Is performed over 950 h and indicates that the power density and the
voltage gradually degrade with time at a rate of ~0.03 mWcm™2h™ and
~0.07 mVh™, respectively. Hence, a low-temperature solid oxide fuel
cell is approximately developed. 0378-7753, Journal of Power
Sources, 206, 111~118. (SCI)

[ Chemical state identification of Ce**/Ce*" in the SDC electrolyte for
an anode-supported solid oxide fuel cell after long-term operation] :
Direct evidences of cerium ion transformation from Ce** to Ce** in an
anode-supported solid oxide fuel cell after long-term operation have
been identified in this article. The unit cell with the samarium-doped
ceria (SDC) electrolyte is prepared by means of conventional
fabrication methods and the maximum power density at 650 °C
achieves 608 mW cm™ when the fuel and oxidant flow rates are 335
and 1005 sccm, respectively. The long-term durability tests are
carried out by fixed-current operation of 450 mA cm? at 650°C for
~950 hours. The power density and the voltage degradation are
observed and critically attributed to the chemical state transformation
of cerium in the SDC electrolyte under a severe reduction atmosphere.
From X-ray photoelectron spectroscopy (XPS) analysis, the Ce; ratio,
defined as Ce**/ (Ce** + Ce*), is found to increase from 31.1% up to
52.9% in the electrolyte under long-term operation in the reduced
atmosphere. The focused ion beam (FIB)/transmission electron
microscopy (TEM) techniques are utilized to investigate the structure
variation in the electrolyte. The selected area diffraction patterns
(SADPs) of the chosen grains towards electrodes identify the
co-existence of the Ce,O; and CeO, phases, suggesting that the
existence of Ce®" species increases at the near-anode side after
long-term operation with fixed current density. These direct evidences
of Ce** observation explain one of the key factors for the degradation
of the cell in the application of a low temperature solid oxide fuel cell
(LT-SOFC). 0167-577X, Materials Letters, 81, 185~188. (SCI)

Rk £ HAFAALF P RP TS A EFREF (24)

'F_E
"
1.

[High Power Plasma Sprayed Intermediate Temperature Solid Oxide
Fuel Cells with SSC Cathode] : The cells with porous Ni/Fe(~10wt%)

metal plate as a supporting substrate, double layers of LSCM and
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nanostructured Cegsslag4sO./Ni (LDC/NIi) as an anode, LDC as an
anode interlayer, LaggSro,GagsMge,03 (LSGM) as an electrolyte,
LSGM/SmysSrysCo0; (SSC) as a cathode interlayer and SSC as a
cathode current collector were prepared by atmospheric plasma spraying
(APS) coating processes followed by a heating treatment. The
current-voltage-power and AC impedance measurements show the
prepared cell heat-treated at 850°C for 3 hours in air with a dead load of
1000 g cm™ has an attracting performance. The measured maximum
output power densities of this cell have reached 0.777, 0.742, 0.659,
0.542, 0.393 and 0.250 W cm at 800, 750, 700, 650, 600 and 550°C
respectively. The measured ohmic and polarization resistances are 0.241,
0.254, 0.282, 0.328, 0.42, 0.62 and 0.055, 0.064, 0.083, 0.128, 0.23,
0.471 Qcm? at 800, 750, 700, 650, 600 and 550°C respectively. After
correction of the resistance inside the ProboStat system, the predicted
actual maximum power densities that a cell can deliver are 1.95, 1.613,
1.186, 0.823, 0.512 and 0.293 W cm™ at 800, 750, 700, 650, 600 and
550°C respectively. Procedia Engineering, 36, 81~87. (El)

[ Hydrothermally synthesized RuO,/Carbon nanofibers composites for
use in high-rate supercapacitor electrodes J : A conventional
hydrothermal deposition process is used to graft ruthenium oxide
(RuO,) nanoparticles onto carbon nanofibers (CNFs). The obtained
RuO, nanoparticles have an average diameter of 2 nm and are
homogenously distributed on the CNF surfaces. Supercapacitors are
fabricated using the resulting RuO, grafted CNFs nano composite as
the electrodes. The existence of CNFs leads to reduced contact
resistance among the RuO, nanoparticles and provides a network for
fast electron transport, which then contributes to enhanced
electrochemical performance. The enhancement is proportional to the
RuO, content and can be as high as 638% at a high sweep rate of 200
mV s-1, at which a capacitance is 155 F g-1. Stability of the
RuO,-grafted CNF capacitor is also demonstrated by subjecting the
capacitor to a potential sweep at 500 mV s-1 for 1000 cycles.
Furthermore, the RuO, grafted CNF capacitor exhibits a very short
relaxation time of 0.17 sec, which is desirable for high rate charge
and discharge. 0266-3538, Composites Science and Technology, 72,
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1524~1529. (SCI)

PHEEBRFEE o B (15)

1.

[ Reforming of natural gas using coking-resistant catalyst for fuel cell

system applications) : A coking-resistant catalyst prepared using a
novel catalyst support is characterized and its performance on
reforming of natural gas for fuel cell system applications is
investigated. Two key issues, i.e., the stability of catalyst under the
reforming environment and deposition of carbon on the catalyst
surfaces leading to deactivation, have to be resolved. The reforming
operations are performed using a modified external autothermal
reforming (ATR) approach. Desulfurized natural gas is used as a
feedstock to avoid catalyst poisoning and air is exploited as an
oxidant. It is found that the reforming catalyst is able to remain stable
and free from pulverization at the desired operating conditions when
a-Al,O3 is employed as a catalyst support in place of the commonly
used y-Al,O3 counterpart. In addition, the ceria (CeO,)-assisted Pt
catalyst coated on the a-Al,O3 support, i.e., Pt/CeO,/a-Al,Og, is able
to significantly eliminate the coking problem with the CH,4 conversion
rate >99% and the generated H, concentration ~62% at 800°C. A
reaction mechanism is proposed to elucidate the coking-resistance of
the catalyst, which also accounts for the stability of the catalyst. The
reforming catalyst has been tested continuously for 2,400 h and still
able to maintain a good operating condition. 0378-7753, Journal of
Power Sources, 222, 2013, 253~260. (SCI)
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