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Session 1 : Mechanical and Manufacturing Engineering (10 presentations)
Increasing the Dimensional Accuracy of U-bend Product of High Strength Steel
Sheets by Pressure Pad (Pongsakorn Leetrakul)

Increasing the Hole Expansion Ability of High Strength Steel Sheet by Improving
the Pre-Hole Shearing Process (Prasan Saengkhiao)

An Improved Gravitational Coefficient Function for Enhancing Gravitational
Search Algorithm’s Performance (Pattarawet Tharawetcharak)

An Approach to Plan the Spray Path (Yongxiong Zhang)

Remaining Useful Life Prediction of Cutting Tools Based on Support Vector
Regression (Yingchao Liu)

A Calculation Method for Dressing Amount of Monolayer Electroplated Grinding
Wheel Based on Zernike Moment (Bin Li)

Quality Assurance of Injection Molding Quality by Monitoring and Diagnosis of
Mold and Machine (Ming-Shyan Huang)

Development of Strategic Supply Chain Management for Autoparts and
Components Manufacturing Company (Nuttawut Rojniruttikul)

Universal Design Research Applies to New Products with Unclear Design Factors
(Wel Miao)

The Effects of Robot Voice Style on the Perceived Robot Personalities in Different
Occupational Fields (Xiao Dou)

Modeling and Characterization of Lathe Spindle Cutting Patterns with Crossed

Roller Bearing Installed (Xiaozhong Song)



Session 2 : Material Physics and Material Mechanics (9 presentations)
Low Temperature Liquid Phase Growth and Characterizations of 2D Crystalline
Inse Implemented with Temperature Difference Method under Controlled Vapor
Pressure (Chao Tang)
Low Temperature Liquid Phase Growth of Ge Doped Gase and GaSel-xTex
Crystal for Highly Efficient Thz Light Source (Yohei Sato)
Solvent Engineering for Enhanced Cubic Phase CsPbl3in Perovskite Solar Cells
(Ting Zhang)
Epitaxial Growth of Well-Aligned Single-Crystalline VO2 Micro/Nanowires
Assisted by Substrate Facet Confinement (Liangxin Wang)
Strong Hole Self-Doping in LaMnO3Thin Film on a-SiO2Substrate produced by
Metal Organic Decomposition Method (Hiromi Kobori)
High Photocatalytic Activity of Amorphous TiO2Nanotube Arrays and Relevant
Mechanism (Liang Hao)
Preparation of Concomitant Schottky Junction and Cocatalyst Compound:
Ni(OH)2/Pt/TiO2 and Its Enhanced Photocatalytic Performance (Xiaochen Ren)
The 3-D Finite Element Analysis on Elastic-Plastic Micromechanical Response of
the Particle Volume Fraction (Yong-Ming Guo)
Predicting Crystal Structures of Materials with Interfaces: A Study on Grain
Boundaries of a Complex Oxide (Wei LiCheah)

Session 3 : Functional Materials and Devices (9 presentations)
Investigation of Mechanical and Electrical Characteristics of Flexible Conductive
Polymer Substrates for Whole-folding Test (Bor-Jiunn Wen)
Influence of Anneal Temperature in Air on Surface Morphology and
Photoluminescence of ZnO Thin Films (Sujun Guan)
Intelligent Manufacturing of Highly (111)-Preferred Nanotwinned Cu Films and

Their Applications in Cu-to-Cu Direct Bonding (Chih Chen)



Applying the Friction-induced Method to Graphene Fabrication (Mingxi Chen)
Conductive Textiles for Electrothermal Heating and Actuation (Dharshika
Kongahage)

Gel-like Graphene Composite with Self-Healing and Reshaping Properties Inspired
by Bio-Mineralization (Shuyuan Lin)

Electromagnetic Wave Absorption Performance of ZnO@ZnS Nanotube by Waper
gas-phase Synthesis (Mengxiao Sun)

Fabrication and Mechanical Property Evaluation of ASD Occluders Made from
Shape Memory Alloys (Thepphithak Rueangmontree)

Classification of Agricultural Questions Based on Rule Templates and Svm (Peng

Zhu)

Session 4 : Biomedical Materials and Biomedical Engineering (8 presentations)
Plasmonic Nanoshells BasedMetabolite Detection for In-vitro Metabolic
Diagnostics and Therapeutic Evaluation (Lin Huang)

Investigation of Colloidal Behavior of Surface-Modified Superparamagnetic Iron
Oxide Nanoparticle under Biological Environment (Wid Mekseriwattana)

Focused Ion Beam Modification of Hexagonal Boron Nitride (Erik Roede)

Highly  Emissive  Dye-Sensitized =~ Upconversion  Nanostructure  for
Dual-Photosensitizer Photodynamic Therapy and Bioimaging (Jiating Xu)
Glutathione Mediated Size-Tunable UCNPs-Pt(IV)-ZnFe2O4Nanocomposite for
Multiple Bioimaging Guided Synergetic Therapy (Huiting Biand)

Improving Breast Cancer Cell Targeting Using Riboflavin Conjugated
Poly(Lactic-Co-Glycolic Acid) Nanoparticles (Komkrich Sawasdee)

Development of Theranostic Polymeric Nanoparticles for Breast Cancer Detection
and Treatment (Supreeya Srisuk)

Micromechanistically Modulated Cardiomyocyte Alignment In Vitro (Carina J.



Lee)

Session 5 : Electrochemistry and Chemical Engineering (8 presentations)

FH LR ERIEIEE A EEQSH ) -

Highly Efficient Solar Vapor Generation via Bioinspired Capillary-Driven Pump
(Haifeng Jiang)

High Efficiency and Low Hysteresis Solar Cells Based on Perovskite with Triple
Cation and Mixed Pb-Sn (Long Ji)

Synthesis and Characterization of Highly Porous LaCoO3 Catalyst prepared by
Nanocasting for ORR and OER for Secondary Zinc-Air Batteries (Byungho Song)
Investigation on the Performance and Durability Behavior for the
Anode-Supported Solid Oxide Fuel Cell with Composite Cathodes (Tai-Nan Lin)
Effects of Cation-Mixed Grain Boundary on the Electrochemical Performance of
Ni-Rich Cathode Material for Lithium Ion Batteries (Sanghun Lee)

Graphene Oxide/Polyacrylonitrile Air Filters for EffectiveCapture of PM2.5and
Ultrafine Particleswith a Low Filtration Resistance (Jing Li)

Synthesis of Advanced Hybird Polymer Nanocomposite Material(TiO2-Si02) by
Mechanical Stirring Technique (Adel K. Mahmoud)

Synthesis, Characterization and Its Photocatalytic of Copper Oxide (CuO) Powder

(Pusit Pookmanee)
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Day 2

Brief Schedule for Conference

Anzunst 24, 2018 (Friday) 10:00-17-15
Venne: Liles 5 {25t floor)
Armival Begisimation, Eeynote Speach and Confarence Presenfations

Venne: Lobly
Arrival Begistration 10001 2:00

Afternoon Confersmee

Vemne: Lifes 5 (st floor)
Opening Remark 13:00--13-05
Prof. Masayoshi Tonouckd, Ozaka University, Tapan
Keynote Speech I 13:05-13:40

Aszoc. Prof. Pan Jisheng Mational University of Sinzapore. S

Hevnote Speech IT 13:20-.14:15

Prof. Masayoshi Tonouckd, Osaka University, Tapan

Sesziom 1 (part 1): 14:13-13:30
Vemne: Lifes 5 (st floor)
5 presentatsons- Topéc: “Mechanical and Mamifarhming Ensineerinz"

Coffee Break & Cromp Photo Taking 15:30-15:45

Session 1 {part 1): 13:43.17-13
Vemnme: Lilms £ (2=t floor)
i§ presentations-Topic: “Mechamical and Mamufactoring Ensnesring™

Awmgust 25 18 (Satorday) A:00-15:00
Vemme: Lifas & Lias 5 (2sf floar) & Lilas N (15t flear)
Amival Registration, Eevnote Speach and Confarencs Presentations

Morning Conference
Venne: Lilas (25 fToor)
Crpening Remark So0e-2:03
Prof Takashipe Omatsu, Chiba University, Japan
Eewnote Speech I 2050020
Prof. Shen-Ming Chen, Matiooa] Taiped University of Techoology, Tawan
Eeymaite Speech IT Lod0-.10013

Prof. Dier-JTang Liaw, Matonal Taiwan University of Science and Technology, Taiwan
Coffes Break & Gromp Fhoto Taling 1000310035
Eeynote Speech IT 10:35-11:10
Eeynate Speech IV 11101143
Prof. Jun Ching, Wational University of Singapors, Singapore
Eewnote Speech V 11451230
Prof Takashige Cmatsw, Chiba Undversity, Tapan

Laonch: 12:20-13:30 Vemne: Terra (15t Toar)
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0L SAPPORD CONFERENCE

Afternoon Conference
Seszigm 2: 13:30-15:43 Sesziom 3: 13:30-15:45
Venme: Lilas 5 (25t Toor) Venme: Lilgs N (X5t fToar)
O prezenfations- Topic: “Material Phyzics O presenfatons-Topic: “Fumctional
and Material Mechanscs™ Materiaks and Devices™
Coffee Break 15:45-16:00
Session 4: 16:00--18-00 Sessiom 5: 16:00--12:00
Venme: Lilas 5 (25t Toor) Venme: Lilgs N (X5t fToar)
B presenfatioms-Topic: “Biomedical £ presentatsons-Topsc: “Electrochemismy
Materials and Biomedical Enginsenme™ and Chemical Enminserins™
Poster Session 9-00-18:00 Vemme: Lilas {2+ floor)
Dnmer: 800 Venne: Terra (Ist fToor)
- Angwst 26, 2018 (Smnday) 2-30-017:00 Ome-day Arademic Visit

Tip: Please amive at the Confurence Foom 10 minuss before the session beging, and wplead PPTY POF fle

into the confaremcs Lapsop.
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S9N H i #E1 TR A Keynote speech » HIRE#GE 2 S B H 5 2 H TR N
o S EEE TNy E T K 22 (National University of Singapore) Professor Jishen Pan ~ H
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K2 (National University of Singapore) Professor Jun Ding A 5z H AFZE A E(Chiba
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RESIAESE - W 8 H 25 H N4 Session 5: Electrochemistry and
Chemical Engineering R JLsEIPER C 1 & © | Investigation on the

performance and durability behavior for the anode-supported solid oxide fuel

cell with composite cathodes ; Tai-Nan Lin, Yang-Chuang Chang, Maw-Chwain
Lee, Wei-Xin Kao | > A& & X J&E 15 Electrochemistry and Chemical
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2 0 HETUE] 44 RO ERRS » 14 RE GRS R SEHE RS
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HREE AR IE A ©
ZXFT SOFC-MEA 3l i 5 S M FHER S a5 - WS bR TR R AT
I B ZE AnBr S 2 Fh > FrEETET 138 SR AE LR (RAR (ORI R R AR
R o ARFEREE BTN AR Z CBainihii % (2018.03.31) » 518
AEILEE R ER I A (L2 2 A SR R drief (Hiroki Habazaki)Zd - $1¥#f
B {7 (Proton-conducting) SOFC HYRFE M TS FiaT a0 o MEAFRE5E
AR AR IR 2T R TR Z B 1 6 H 30 HilRlR B i Fon ey
HEEGRARA AT 28555 - NICUR S8 R B 7 B &8I R
KL R BRI AR N B R T R EF R0 5 © PRI EHHY
" Energy Conversion Materials group | f&IIFIFEVAGE S HCENTREEY) -
ALY ~ FALIF AR > WA e L B R - DUNR S EUAT
BEUEY R BITERE - SR B R bin A (B AR - (LEREAEE
it (A0 7 / [ 8) - AERRBE S IERR AR KRR K 73 BN 1B R FERY NaCl
B NH,Cl FR S ) - ml g sl (B A BRI B B & S M A T A
MR EY IR © S5 EHIRILEST S YAG : Ce ZOUHIAY L - LED
YA (Phosphor) 8%
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v Fracture v" High thermal

toughness conductivity
v High-temperature v" High electrical
2 strength resistance
v' Wear resistance v Low thermal
expansion

© 2016 KYOCERA CORPORATION : © 2016 KYOCERA CORPORATION

i Heat dissipation
oo o P filler of IC package
oy B o packag
powder sintered products ° ©

& 7. SisN4 B AIN BYFHEERF 4 (Prof. T. Akiyama:
http://anergy.caret.hokudai.ac.jp/member_0_e.html)
35i+2N, — SigN,, AH= - 735.7 kJ/mol NaCl %
Al(s) + 1/2N,(g) — AIN(s) AH= - 328 kJ/mol+— NH,CI %

Add NaCl and NH,Cl to the reactant for reducing the reaction heat

Si;N, AN

Relation of milling time and a-ratio of Si;N,
100

» Method

Reaction equation; Additive

NaCl 30

0 NaCl 20

NaCl 10

a content (mass %)
cabBss538388

0 30 60 90 120
Milling Time (min)

& 8. SisN, B AIN By & R EL5r 7 (Prof. T. Akiyama:

http://anergy.caret.hokudai.ac.jp/member_0_e.html)

AT 1996 - Hai{bEE: (Nichia) Ffff#8HY H % LED Bfl44 » Nichia (]
(7752 Blue LED(InGaN){ F + YAG 255683 (Y3AIS012:Ce 5 $73B 7515
) et EE A AL ATRRCRER S T o YAG &k — sl
Ko BIVEZERE - NEVE 2 E S RElEAREHIRRRR - [E5]
JRAHEEEFSRRER » FREE LIV R ERH HAK » TR Bl & bk
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R R F AP OO &% - Hi EEp ISR AT -
GRURIFZALE 1500 °C SniiE IR s NETT 2 RN - AEEIFE B
REfE DRI E R = DIAMR S EHUESE LI ASRELESR - B3R
&R 1500 °C DLE - (ERE R ARl 4a i SRR R B p A H 4%l
VIt Re B eRCREpE IR RO T (8 9/ (8 10) - ARUE =S
il a2 & A e FH R RCITRE E4TE] 11 Bor > Q[EAATiEE SOFC /Y £
i —7 From powder to power » ElHY B BN FE 7 BAE A SR EIR A RER
UL (EE -

il
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YAG:Ce Yellow Phosphor

® YAG:Ce (Y,,CeAlO,,)

+ Absorption of blue excitation radiation

« High internal quantum efficiency
—White-light-emitting diodes (LEDs)

Conventional method
B Solid-state reaction

Y;0; + CeQ, + Al,O; — Y;,Ce,AlOy, o phosph
{-Heat treatment " «Demerit
i Reductive atmosphere { % Long time
1500°C, 4hour " Huge energy consumption

¢ More than once.........

Proposal method
B Combustion synthesis
Y,0, + CeQ, + Al,O; + Al + O, — Y, Ce,Al,0,, @cx—oz
%y *Merit
» Short time
Energy saving

Reaction
promotion

;-"-Using aluminum combustion heat :
i Reaction temperature reach 1500°C
i and above without heat supply

9. K ELE R (Prof. T. Akiyama:

http://anergy.caret.hokudai.ac.jp/member_0_e.html)

14



YAG:Ce Yellow Phosphor

B | uminescence spectra

Ay = 460 nm

Made by CS

-
T = .

Raw material = = Commercial
z
w
=
]
=

o
After combustion synthesis : t :
450 500 550 600 650 700

‘Wavelength (nm)
B Quantum efficiency

Sample made by CS : 73.2%
Commercial product : 84.0%

Under black-light

10. DUGRIEE & pGA R 2 2 e SR I EE i 1 (Prof. T. Akiyama:

http://anergy.caret.hokudai.ac.jp/member_0_e.html)

One end Igm’ﬁn &
High Pressure apparatus,

Thermal Explosion (TE);
Uniformly heated.

Scale Up

6?&* ehd jgnition &
"High Pressure &
(Ble-heating apparatts

Just one end ignition apparatus

Lab-Scaled, batch typed Equipment
(500g/batch)—5kg/batch

Optimization of operating conditions for purifying
products under 1 MPa (H,, Ar, N,)

11. From lab-scale to Industrial available batch-scale (Prof. T. Akiyama:

http://anergy.caret.hokudai.ac.jp/member 0 e.html)

(=) ARXEEFHE G H AN KE G FH 2 OB (E FLEE LB 1T
WPI 5{E 2~ I2CNER E{[ETHZAFZE F.0(International Institute of Carbon

15
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Neutral Energy Research)E#{T&)WiE) » HbFEER R -
FEZAR] ~ RETRISHA B T, - st =R ETT 2 SOFC 3HE1HR
AYERLL N RS - HATE SOFC it A 5FfE NEDO f degradation
project 7 H R Ry T/ NEFEEIRARAE 0.2 %LU (end of 2018) » BjA a5 E
BRI R - FrEN B RS TR RAETT © R R R e
F T —ERJISE] » SOFC Z&iHEH Z B (RS (decrease of cost)/Z5
BESERE ERERIVEE - Kyocera {fUR 7.2 compact Flat-Tube (tube
thickness ~ 2 or 3 mm)45i#.2 700W Z&HYBASEER] » WET=EHH 3~5 kW
247 S T E 7 E5EE - S5YNH AR NGK/NTK A E|JRBHEE planar type
SOFC iAME AL » module efficiency AL 60 % - |ff degradation rate
B/ NRF TR 0.4 %° AKHT SOFC-MEA group JFARSEL R B =
{E#EZL(E double columnar structure HYPZAR%H1HE LR A [2 1kl oxygen
dissociation characteristic SZJERFVEMFET -4 AL » ftst ¥y T R
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Abstract. The anode-supported solid oxide fuel cell (SOFC) comprises of NiO-8YSZ | 8YSZ
| LSM-GDC | LSCF and the performance durability is executed for over 1000 hours. It shows
low degradation phenomena under constant current operation during the complete testing
period. The cell performance decreases with the decreasing of the temperature, and the
maximum power densities are 408, 265, and 163 mW cm™ at 800, 750, and 700 °C,
respectively. According to the EIS analysis with the equivalent circuit model of five serial
components, all resistances decrease with the testing time except the non-charge transfer
resistance of the cathode. However all resistances increase with the decreasing of the
temperature on the contrary. The ohmic resistance of the cell (Rp) dominates the cell
performance under the whole durability test period as well as the operation temperature. In
this study, the Ro is determined by the interfacial contact resistances, which occurred between
the cell and the connecting components. The LSM-GDC | LSCF interfaces formed the
discontinuous gap due to the weak attachment and external loading. The result of the

activation energy analysis shows that the rate-determination step of the cell is existed in the
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anode side between 700 and 800 °C. However, the cell performance is controlled from the
domination of the R at 800 °C shift to the joint contributions of the Rp, anodic polarization

(Rap), and cathodic polarization (Rcp) at 700 °C.

Introduction

Solid oxide fuel cells (SOFCs) owning clean and efficient characteristics offer great promise
as a next-generation energy converter. Many studies have been demonstrated that the SOFCs
can achieve high electrical conversion efficiency more than 50 %. It is possible to improve the
electrical efficiency to 70 % by combining with a gas turbine and to enhance the energy
efficiency to 90 % by the equipments combined heat and power (CHP) [1-3]. Furthermore,
due to the high-temperature operating environment, the SOFCs can run on a wide range of
fuel sources such as methane, propane, LPG, natural gas, biogas, and even the coal. Therefore,
the SOFCs have the ability to operate within both the current fossil-fuel infrastructure and the
future hydrogen-fuel infrastructure.

For the commercial application of the SOFC technology, there are some importance
requirements on the cost reduction, performance enhancement, and long-term stability.
Generally, the lifetime requirement of the commercial product is more than 40,000 hours.
Siemens Westinghouse has tested several tubular SOFC stacks / systems with power output
from 0.4 to 220 KW, and the durability test is exceeding 20,000 hours [4]. However, the
degradation of the cell performance is observed and there are complicated on the
degradation mechanisms. Currently, many studies are devoted to proof the detail
degradation mechanism and try to find out the solutions. The most typical degradation
factors including the agglomeration of nickel, the change of nickel surface morphology, the

change of the porosity, delamination, coking, contaminants poisoning, and so on [5-17]. In
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addition, the operation conditions also result in the degradation of the cell performance,
especially on the effect of the current density, thermal cycle and redox cycle [17-22].

For the compositions of the anode-supported SOFCs consisting of a zirconia-based
electrolyte and the Ni cermet as the anode materials, these materials remain still
considerable attraction because of the long-term reliability and cost factor. In this study, the
anode-supported SOFC with a thin-film 8YSZ electrolyte has been successfully prepared
by a sequential fabricating technique including tape casting, spin coating, and
screen-printing. The structure of the cell comprises Ni-8YSZ (anode) | 8YSZ (electrolyte) |
LSM-GDC (function layer) | LSCF (cathode), and the active area of the cell is about 13 cm’.
The durability test and electrochemical performance of the cell are executed with various
constant current densities and operating temperatures. The cell performances are analyzed

by the electrochemical impedance spectroscopy (EIS).

Experimental

Fabrication of the Single Cell. The anode-supported substrate was prepared by a tape casting
process using a tape casting system (ECS Model CS-8) of laboratory model. Multiple green
tape were laminated together in order to achieve an anode thickness of approximately 1 mm.
The green anode substrate with an area of 5x5 cm® calcined at 1400 °C in air for 4 hours. The
thin film electrolyte was manufactured onto the anode substrate by a spin coating process
(Cee Model 200) and sintered at 1400 °C for 4 hours. The composite cathode layers were
coated by the screen-printing (EKRA XPRT1) method. The cathode paste of the LSM-GDC
(Fuel cell materials, FCM) was printed onto the YSZ electrolyte layer as the cathode
functional layer (CFL) and sintered at 1150 °C for 3 hours. The LSCF paste (Fuel cell

materials, FCM) was printed onto the CFL as the cathode current collector layer (CCCL) and
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sintered at 1000 °C for 3 hours. Finally, the single cell with an active area of about 13 cm®
was obtained.

Characterizations. The microstructure of the cross-section of the single cell was observed
via a field emission scanning electron microscopy (FE-SEM, Hitachi, S-4800). The cell was
tested in a cell test station consisting of alumina base with alumina flanges for gas distribution,
and platinum and nickel meshes for the cathode and anode current collectors, respectively.
Platinum wires were used as the current leads for cell voltage measurement. Air as an oxidant
was available by the air supplier, and pure hydrogen as a fuel. The flow rates of the hydrogen
fuel and the oxidant were 335 and 670 ml min™, respectively. The non-sealed type of the cell
test was executed with a contact pressure of 25.4 KPa on the system of the SOFC-current
collector [23]. The durability test of the cell with different constant current densities was
operating for more than 1000 hours, and then the electrochemical performance of the cell was
measured at 800, 750, and 700 °C. The measurements of the electrochemical impedance
spectroscopy were conducted under open circuit operation using a Solartron 1260 frequency

analyzer at the frequency range of 10 mHz to 105 Hz.

Results and Discussion

Microstructure of the Single Cell. Fig. 1 shows the typical SEM micrographs of the
cross-section of the anode-support SOFC finished the performance test. The YSZ electrolyte
layer is fully dense except the observation of a few closed pinholes, and the thickness of the
YSZ electrolyte is about 6 pm. The thicknesses of the CFL and the CCCL are about 8 and 75
um. The anode and the CFL with porous structures are firmly attached to the YSZ electrolyte.
However, the long crevice is clearly observed between the CFL and the CCCL. It suggests

that the structure between LSM-GDC and LSCF is a weaker attachment due to the lower
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sintering temperature (chemical compatibility) and the difference of the thermal expansion
coefficient (TEC) of the materials (mechanical compatibility). The weaker structure is easier
ruined during the performance test of the cell because the requirement of the higher contact

pressure results in the existence of the higher stress on the cell [23].

Fig. 1. The typical SEM micrographs of the cross-section of the anode-supported SOFC

finished the performance test.

Performance and Durability Test of the Single Cell. The electrochemical performance
test of the anode-supported SOFC was operated over 1000 hours. Cell voltage, temperature,
current density and power density of the cell were recorded. Fig. 2 shows the
electrochemical characterizations of the cell for the whole test process. The open-circuit
voltage (OCV) of the cell is 1.041 V that indicates the structure of the YSZ electrolyte
owns enough densification. The OCV deviation with the theoretical value (1.19 V at 800
°C) may come from the purity of gases and the water content under the non-sealed test
environment [24]. Moreover, the performance evaluation of the cell mainly focuses on the
output power and degradation rate of the cell. The degradation rate of the cell is defined as

follow:
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where Vi is the initial cell voltage and V is the cell voltage at any time. The calculation of
the degradation rate is must operate at a constant current density. Table 1 lists the
characteristics and degradation rates of the cell under different operation conditions. These
results show that the higher constant current density can serve more output power, and no
degradation occurs under different constant current densities, even operated more than 800
hours at constant current density of 400 mAcm™. The kinetic of the cell degradation in the
operation condition of the steady state mode often occurs in three phases [17]. The first
phase is ascribed to the reorganization of the electrode microstructure, which can lead the
performance increasing or decreasing. The second phase shows a continuous degradation of
the cell performance, and the variation of the cell voltage is often used as the degradation
rate of the cell. The third phase shows the performance decreases rapidly. The most studies
report that the change of electrode microstructure is occurred during the cell test, such as
the agglomeration of nickel, the change of nickel morphology, the breakdown of the
ceramic/nickel network, the change of the porosity, the separation of phases, and so on [5-6,

25]. However, these

1400 1400
Currest dessliy (mk s
E 1200 P Gy W ) 41200 2
----- Tomparaters T}
10000 11 T CR=—= | 4 1000
800 7 : 4800
e | b
5, 600 u 4600
€ 40 .-mg
L Il Il L Il n

Opermtion time (hours)

47



Fig. 2 The electrochemical characterizations of the cell for the whole test process.

reports present the degradation of the cell performance and it cannot satisfy our results.
According to our previous study [26], the breeding mechanism of the nano-scale nickel
catalyst on the anode side results in the cell voltage increases slowly with time at a constant
current density. The same phenomenon is observed in this study, and this phenomenon is
still existed as the constant current density increases systematically. Therefore, it suggests
that the whole durability test without any degradation occurs in the first phase, and the
change of the electrode microstructure includes at least the breeding of nickel catalyst that

gains the cell performance.

Table 1 The characteristics and degradation rates of the cell under different operation

conditions
Measured Time Temperature Fixed I A Poutput Degradation rate

Point (hrs) (°C) (mA cm?) (mV) (mW cm?) (%)
P1 21 800 100 805 80 —
P2 113 800 100 849 85 0
P3 161 800 100 854 85 0
P4 164 800 300 640 193 —
P5 282 800 300 703 211 0
P6 285 800 400 625 251 —
P7 902 800 400 705 282 0
P8 1138 800 400 716 286 0

Fig. 3 shows the I-V-P curves of the cell at 800 °C under different operation conditions.
This result presents that the cell performance increases slightly with time at a constant

current density and increases obviously with the increasing of the constant current density.
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The maximum power densities of the measured points with the increasing of the operation
time are 260, 271, 315, 395, and 408 mWcm™, respectively. Fig. 4 shows the I-V-P curves
of the cell at different temperatures. The cell performance decreases dramatically with the
decreasing of the temperature, and the maximum power densities are 408, 265, and 163
mWem™ at 800, 750, and 700 °C, respectively. The electrochemical performance of the cell
decreases about 60 % as the temperature decrease from 800 to 700 °C. To examine the
difference of the cell performance under different operation conditions, the more detail

electrochemical impedance analysis is carried out.
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Fig. 4 The -V and |-P curves of the cell at 700, 750, and 800 °C.
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EIS Analysis. In the past years, it is well know that the electrode polarization of the cell
is using the simulation model of the equivalent circuit with three serial components which
indicate the ohmic resistance of the cell, the charge transfer polarization and the non-charge
transfer polarization at the high and low frequency domains, respectively [27-29]. That
means the contributions of the cathode and anode are simultaneously existed in the
individual arcs. Hence, this information provides the clew for the frequency selection used
for the model simulation. In order to distinguish and identify the contribution of each
element resistance, the equivalent circuit model of the five serial components [30-31] was
employed in this study and the impedance spectrum was fitted using the ZView?2 program.
The criteria of the accuracy between the experimental data and the simulating result which
combines the five variables is defined by that the value of the Gaussian Distribution of
Activation Energy Accuracy (GDAE accuracy) is set at 2. Fig. 5 presents the Nyquist
impedance spectrum of the cell at the measured point of P3. The L, is the inductance,
which is attributed to the Pt probes or the high-frequency phase shift of electrochemical
equipment. The CPEs represent the constant phase elements of the arcs [32]. The intercept
of the high frequency and the real axis represents the ohmic resistance of the cell (Rp). This
resistance is ascribed to the sum of the ohmic resistance of the cell comprising the anode,
cathode, and electrolyte, and some contact resistances of the interfaces between the cell and
the connecting components, such as the current collection and lead wires. The sequential
resistances (R, Ry, R3, R4) are depicted the four arcs from high frequency to low frequency.
R; and R, are used to describe the charge transfer polarizations in the cathode and anode,
respectively. Those are related to the transport of the charged species in the electrodes,
including the electron, the oxygen and hydrogen ions, and the interface transport of the

oxygen ion between the electrolyte and the cathode/anode. R; and Ry represent the
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non-charge transfer polarizations, including gas diffusion and reaction, in the cathode and

anode, respectively.
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Fig. 5 The Nyquist impedance spectrum of the cell at the measured point of P3. Measured
date (symbols), fitted spectrum (solid line), and fitted spectrum depicted as the four arcs
(dotted line).

The Nyquist impedance spectra of the cell under different operation conditions are
shown in Fig. 6. The fitting lines are well consistent with the measured data, and the fitting
parameters of the EIS analysis of the cell under different operation times and temperatures
are plotted in Fig. 7. From the result of the Fig. 7 (a), the value of R3 is independent of time
and current density. However, the value of R; is obviously decreasing from 0.386 Qcm?® at
P2 point to 0.199 Qcm? at P8 point, particularly at the early period (from P2 to P3). Some
studies have observed the cathodic polarization loss and indicate that this effect is attributed
to the change of the three phase boundary (TPB) and / or the microstructure, the remove of
the surface passive layer associated with the segregated phase of the Sr and / or La species
on the surface of LSM, the partial reduction of the cathode, and the formation of the

oxygen vacancies [33-36]. For the composite cathode layer of LSM-GDC / LSCF in this
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study, the cathodic activation process is mainly contributed to the decreasing of the charge
transfer resistance (R;), such as the enhancement of the oxygen vacancy, the remove of
impurity phases, and / or the current path change depending on the constant current density
[37]. Furthermore, the values of R, and R4 decrease with the increasing of the operation
time. The slight change of the R, value may be caused by the current path change of the
anode as the change of constant current density [38]. According our previous study, the
activation period of the anode is about operation time of 200-300 hours. In this activation
period, the nano-size Ni catalyst is breeding quickly and that improves the catalysis of the
anode. It interprets that the R4 value decreases rapidly in the early stage of the cell test.
After activation process, the R4 value decreases slowly that may be caused by the change of
the anode microstructure. In addition, it is noteworthy that the R; > R, which indicates that
the charge transfer resistance of the anode is smaller than that of the cathode. That is
reasonable because the discontinuous gap exists between LSM-GDC and LSCF from the
observation of the SEM image. However, the result of R4 > R; indicates that the non-charge
transfer resistance of the anode is higher than that of the cathode. That is inconsistent with
the literatures that propose that the electrode polarization is mainly attributed to the
reduction reaction of the oxygen in the cathode due to the poor activity of the catalyst. It
deduces reasonably that the porosity of the anode is not enough resulting in the increasing

of the anodic polarization.
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Fig. 6. The Nyquist impedance spectra of the cell under different operation conditions: (a)
different operation times, and (b) different operation temperatures. Measured date (symbols),

and fitted spectrum (solid line).

From the result of the Fig. 7 (b), all variables (R, Ry, R3, R4) are increasing with the
decreasing of the temperature. As the temperature decreases, the catalyst activity of the
anode and cathode is decreasing and the transfer of the oxygen ion in the cathode,
electrolyte, and anode is decreasing rapidly. Moreover, the R; and R4 are higher
relationship with the temperature in this study. It implies that the cell performance is
strongly affected by the mechanical structure of the cell, such as the TEC mismatch of the

materials, and the poor porosity of the anode for the intermediate-temperature operation.
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Fig. 7 (a) The relationship of individual resistance (R}, R», R3, R4) and the operation time, and

(b) the relationship of individual resistance and the operation temperature.

To understand the individual contribution of each element of the cell, the resistances of
the anode, cathode, and electrolyte are presented. According to the definition of each
resistance, the anodic polarization (Rap) is the sum of the R, and R4, and the cathodic
polarization (Rcp) is the sum of the R; and Rj3. The total resistance of the cell (Ry) is the
summed value of the Rap, Rcp, and Rp. The relationships of those resistances versus the
time and temperature are shown in Fig. 8. From the result of the Fig. 8 (a), it is obviously
observed that the contributions of the anodic and cathodic polarization are considerable
equal, and the ohmic resistance of the cell (Rop) is dominated the cell performance during
the durability test. Generally, the ohmic resistance is mainly regard as the contribution of
the electrolyte resistance (Rg), and the estimated resistance expression of the 8YSZ

electrolyte is shown as follow:
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Pe= 0.002945(10%6J .

2)

In this study, the calculated value of the Rg is 0.032 Qcm? at 800 °C that is much lower
than the R value obtained from the EIS analysis. Leone et al. reported the similar result
that the ratio of the Rg to the Rp is about 15 % from 740 to 840 °C [39]. This result is
suggesting that the ohmic resistance is dominated by the interfacial contact resistances,
which are occurred between the cell and the connecting components and between the
components inside the cell if the delamination/crack is formed. Moreover, from the result
of the Fig. 8 (b), the anodic and cathodic polarizations fairly increase simultaneous quickly
with the decreasing of the temperature. The cell performance is controlled from the
domination of the ohmic resistance at 800 °C shift to the joint contributions of the Ro, Rap,
and Rcp at 700 °C.

Fig. 9 shows the Arrhenius plots of the resistances of the cell. The resistances (Ro, Rap,
Rcp, Ry) are well described by an Arrhenius equation from 700 to 800 °C. Although the
activation energy (Ea) has not been well clearly understood yet, it provides a powerful clew
to analyze the consequence of the energy barrier for each component of the cell. The anodic
polarization of the cell shows the maximum value of the activation energy (149 KJmol™)
which indicates that the rate-determination step of the cell is existed in the anode side.
Therefore, the poor electrochemical performance of the cell is resulted from the
characteristics of the anode, such as the porosity, TPB length, electro-catalyst, and so on.
Among these characteristics, the anodic porosity might be a key factor in this study. The
low porosity of the anode inhibits gas diffusion, especially for the water product removal

out of the pore structure. Poor water diffusion is not favorable for hydrogen supply and
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further diminishes the reaction conversion. This effect is obviously observed at the lower
operating temperature because the reaction zone is extended far away from the interface of
the electrolyte due to the poor anodic porosity and the oxygen-ion transfer is slow in the
YSZ network of the anode cermet. In addition, the activation energy of the ohmic
resistance is the smallest and close to zero, that indicates the R is slightly dependent on the
temperature. That is reasonable because the Rp is dominated by the interfacial contact

resistances, not the ohmic resistance of the electrolyte.
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Fig. 8 (a) The relationship of the resistances (Ro, Rap, Rcp, R7) and the operation time, and (b)

the relationship of the resistances and the operation temperature.
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Fig. 9. The Arrhenius plots of the resistances (Ro, Rap, Rcp, Rt) for the anode- supported
SOFC.

Conclusions

The durability test on the anode-supported SOFC comprising Ni-8YSZ | 8YSZ |
LSM-GDC | LSCF was investigated over 1000 hours. From the performance test of the cell,
no degradation occurs under different constant current densities during the whole durability
test. The improvement performance with time is caused by the change of the electrode
microstructure, and one of the mechanisms is the phenomenon of the nickel catalyst breeding.
Moreover, the cell performance decreases dramatically with the decreasing of the temperature,
and the maximum power densities are 408, 265, and 163 mWem™ at 800, 750, and 700 °C,
respectively. The EIS analysis which using the equivalent circuit model with five serial
components is applied in this study, and the fitting results of the EIS analysis offer some
significant information to understand the contribution of the individual resistance of the cell.
First, all resistances are decreasing with time except the non-charge transfer resistance of the
cathode (R3) that indicates that the catalytic activity of the cathode is not change with time at
800 °C. Second, the ohmic resistance of the cell (Rp) is dominated the cell performance under
the whole durability test and the effect of the temperature. In this study, the Ro is dominated

by the interfacial contact resistances, which are occurred between the cell and the connecting
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components and between LSM-GDC and LSCF that formed the discontinuous gap due to the
weaker attachment and external loading. Third, all resistances increase with the decreasing of
the temperature, especially in the charge transfer resistance of the cathode (R;) and the
non-charge transfer resistance of the anode (R4). The contribution of the R, is mainly ascribed
to the crack formation on the composite cathode, and the contribution of the R4 is mainly
caused by the poor porosity of the anode. It suggests that the anodic porosity and mechanical
structure of the cell influence strongly the cell performance. Finally, the result of the
activation energy analysis shows that the rate-determination step of the cell is existed in the
anode side (Rap) between 700 and 800 °C. However, the cell performance is controlled from
the domination of the R at 800 °C shift to the joint contributions of the Ro, Rap, and Rep at
700 °C. The as-prepared cells exhibit certain output power performance and durability.
However to shorten the cell startup time as well as the activation process will be the critical

concern before real application in cell products.
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