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A e The Electrochemical Society

antiechaslgy May 19, 2015 65 South Main Street

Dr. Sheng-Fu Yang Building D

: 2 " Pennington, New Jersey

Institute of Nuclear Energy Research 08534-2839

No. 1000, Wenhua Rd., Jiaan Village, Longtan Township, USA

Taoyuan County, 32546 R

o e
Taiwan fax 609 737 2743
www.electrochem.org

Dr. Sheng-Fu Yang

We are pleased to inform you that the following submission has been accepted for presentation at the ECS Conference on
Electrochemical Energy Conversion & Storage with SOFC-XIV in Glasgow, Scotland (July 26 - 31, 2015):

Abstract Number/Title: # A-0116: Ni-Mo Porous Alloy Fabricated As Supporting Component for Metal-Supported Solid Oxide
Fuel Cell and Cell Performance by S. F. Yang, Z. Y. Chuang Shie. C. S. Hwang, C. H. Tsai, C. L. Chang, T. J. Huang, and R. Y. Lee
Presentation Type: Oral

Date/Time/Location: July 28, 2015 / 18:00h / Lomond Auditorium

Symposium: A: Solid Oxide Fuel Cells XIV (SOFC-XIV)

The entire technical program, including abstracts, for the meeting, as well as meeting registration and hotel reservations, is
available on the meeting website: ECS website,

MEETING REGISTRATION: All authors attending the Meeting, including invited speakers, must pay the registration fee in order to
present their paper. Online registration is open now. The Early-Bird registration deadline is June 15, 2015,

HOTEL RESERVATIONS: Glasgow City Marketing Bureau is the official accommodation provider for the conference and has
negotiated specially discounted rates with a wide range of hotels. Accommodations will be sold on a first come, first served basis and
the published rates will be available until June 13, 2013, Book now to avoid disappointment and secure your discounted rate! When
your room 15 reserved you will receive an immediate confirmation by email. View accommodations and reserve your room now by
visiting hp:/ ‘www.peoplemakeglasgow.comECSC20135 ! For assistance, telephone, or group bookings please contact the Glasgow
City Marketing Bureau at +44 (0) 141 566 0877 / 0820 or accommodation(@ glasgoweitymarketingbureau.com.

PRESENTATION INFORMATION: Symposium Organizers reserve the right to determine the format of your presentation, whether
oral or poster, and therefore may have changed vour requested format to fit their symposium schedule. All posters must be displayed
n English, on a board approximately .85 meters high by .85 meters wide (33.5 inches high by 33.5 ches wide), and correspond to
the abstract number and day of presentation as detailed in the final program. The paper title, number, names, and affiliations of all
authors MUST be at the top of the display. Posters for symposia B and C may be displayed during the length of the conference
(Monday, Tuesday, and Thursday nights). While posters in symposium A may also display their posters on all three nights, the
author(s) MUST be personally present during their primary evening, as noted in the presentation details above. Posters for all three
symposia may be mounted between 1200-1600h Monday July 27. The Student Poster Award Presentation for symposium C will take
place on Thursday in Hall 2.

PUBLICATIONS: All authors who give a presentation at the meeting are encouraged to submit their paper(s) to the ECS journals
(hup://ecsdlorg’). All authors are eligible to submit a full-text manuscript to ECS Transactions (ECST), the proceedings publications

your presentation is accepted in ECS Transactions, you are encouraged to submit your work to the Society’s technical journals.

VISA INFORMATION: This letter is frequently used by foreign travelers to obtain a Visa. If you have any questions, please contact
meetings(@electrochem.org.

Your paper represents an important contribution to the success of the Glasgow ECS Meeting and we appreciate your participation.

Sincerely,

Dr. Johna Leddy; ECS Third Vice-President
Chair, Symposium Planning Advisory Board & Meetings Subcommittee
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Department of Materials

Imperial COl Iege Imperial College London

Rm 2.06 Goldsmiths Building

Prince Consort Road

London, SW7 2BP

Tel: +44 (0)20 7594 6782 Fax: +44 (0)20 7594 6757

s.skinner@imperial.ac.uk
www.imperial.ac.uk/materials

01 June 2015 Prof. Stephen Skinner Fivum, FRsC

Dr Sheng-Fu Yang

Associate Engineer, Physics Division
Institute of Nuclear Energy Research (INER)
1000 Wenhua Road, Jiaan Village

Longtan District,

Taoyuan City 32546

Taiwan (ROC)

Dear Dr Yang

Following on from my previous email discussion with Dr Kuan-Ting Wu of ICNER, Japan and
Dr Tai-Nan Lin of INER, Taiwan, | am happy to confirm that | will be delighted to host your
visit to the Department of Materials at Imperial College London on 3" August, 2015.

| understand that you will also visit SOFCXIV meeting in Glasgow and | am sure that this will
stimulate considerable discussion of mutual interest. It would be useful to explore in our
discussions possible collaboration between INER and Imperial College London in the area of
solid oxide fuel cells, and | will introduce you to the rest of the group. We would also welcome
a short talk from you on the work ongoing at INER.

| look forward to welcoming you to London in August.

Yours sincerely

S

Prof. Stephen Skinner
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=g ECS Conference on Electrochemical Energy Conversion & Storage with SOFC-XIV: Accepted Abstract
Notification
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ECS - The Electrochemical Society
65 South Main Street
Pennington, NJ 08534

April 28, 2015

Dr. Sheng-Fu Yang

Dear Dr. Sheng-Fu Yang:

We are pleased to inform you that your abstract has been accepted for presentation at
the ECS Conference on Electrochemical Energy Conversion & Storage with SOFC-XIV
(July 26-31, 2015) in Glasgow as follows:

Abstract Number/Title/Authors: # A-0116: Ni-Mo Parous Alloy Fabricated As
Supporting Component for Metal-Supported Solid Oxide Fuel Cell and Cell Performance
by Sheng-Fu Yang, Zong Chuang Shie, Chang-Sing Hwang, Chun-Huang Tsai, Chun-
Liang Chang, Te-Jung Huang, Ruey-Yi Lee

Presentation Type: Oral

Date/Time/Location: July 28, 2015 / 8:20h - 8:40h / Lomond Auditorium

Symposium: A: Solid Oxide Fuel Cells XIV (SOFC-XIV)

The entire technical program, including abstracts, for the meeting, as well as meeting
registration and hotel reservations, is available on the meeting website:
http://www.electrochem.org/meetings/satellite/glasgow/

MEETING REGISTRATION: All authors/presenters attending the Meeting, including
invited speakers, must pay the registration fee in order to present their paper. Please
register online no later than June 15, 2015 to take advantage of discounted Early-
Bird registration fees. Registration will open on or about April 29, 2015.

HOTEL RESERVATIONS: Glasgow City Marketing Bureau is the official accommodation
provider for the conference and has negotiated specially discounted rates with a wide
range of hotels. Accommodations will be sold on a first come, first served basis and
the published rates will be available until June 15, 2015. Book now to avoid
disappointment and secure your discounted rate! When your room is reserved you will
receive an immediate confirmation by email. View accommodations and reserve your
room now by visiting hitp://www.peoplemakeglasgow.com/ECSC2015 ! For assistance,

telephone, or group bookings please contact the Glasgow City Marketing Bureau at

+44 (0) 141 566 0877 / 0820 or accommodation@glasgowcitymarketingbureau.com.

PRESENTATION INFORMATION: Symposium Organizers reserve the right to determine
the format of your presentation, whether oral or poster, and therefore may have
changed your requested format to fit their symposium schedule.

POSTER PRESENTATIONS: The poster sessions will run on Monday, Tuesday, and
Thursday nights from 1800-2000h. All posters must be displayed in English, on a
board approximately .85 meters high by .85 meters wide (33.5 inches high by 33.5
inches wide), and correspond to the abstract number and day of presentation as
detailed in the final program. The paper title, number, names, and affiliations of all
authors MUST be at the top of the display. Posters for symposia B and C may be
displayed during the length of the conference (Monday, Tuesday, and Thursday
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nights). While posters in symposium A may also display their posters on all three
nights, the author(s) MUST be personally present during their primary evening, as
noted in the presentation details above. Posters for all three symposia may be
mounted between 1200-1600h Monday July 27. The Student Poster Award Presentation
for symposium C will take place on Thursday in Hall 2.

PUBLICATIONS: All authors who give a presentation at the meeting are encouraged to
submit their paper(s) to the ECS journals (http://ecsdl.org/). All authors are eligible to
submit a full-text manuscript to ECS Transactions (ECST), the proceedings publications
of ECS. Please review the Call for Papers for your symposium to determine the
deadline to submit your ECST manuscript. Even if your presentation is accepted in ECS
Transactions, you are encouraged to submit your work to the Society’s technical
journals.

VISA INFORMATION: Should you require a visa to enter the United States, we strongly
encourage you to start the visa application process immediately by completing the
online form here https://www.electrochem.org/jw/meetings/visa_mtg form.jsp. Please
complete this online form to have an electronic copy of your letter on ECS letterhead
sent to you within three (3) business days.

Your paper represents an important contribution to the success of the ECS Conference
on Electrochemical Energy Conversion & Storage with SOFC-XIV and we appreciate
your participation.

Sincerely,

Dr. Johna Leddy

ECS 3rd Vice-President

Chair, Symposium Planning Advisory Board
Chair, Meetings Subcommittee
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FE: ECS Transactions: Manuscript # Decision Letter
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Dear Dr. Sheng-Fu Yang,

I am pleased to inform you that your manuscript, "Ni-Mo Porous Alloy Fabricated As Supporting
Component for Metal-Supported Solid Oxide Fuel Cell and Cell Performance”, has been reviewed and
accepted for publication in the Solid Oxide Fuel Cells XIV (SOFC-XIV) issue of "ECS Transactions"
(ECST) from the ECS Glasgow meeting. This issue is scheduled to be published on July 26, 2015.

Authors whose papers will be published in ECST are also urged to submit their papers to an ECS
journal. ECS recently began publishing three new peer-reviewed scientific journals, which join the
Society"s flagship Journal of The Electrochemical Society. This exciting news was covered in the
spring 2012 issue of Interface magazine. Click here to read about it:
http://www.electrochem.org/dl/interface/spr/spri2/spri2 p017 027.pdf. While the expectation is
that six months is sufficient time to revise an ECST paper to meet the stricter standards of the
journals, there is no deadline for submission. Submissions to the journals must be made using the
online submission system. Click here for author instructions:

http://ecsdl.org/site/ecs/manuscript_submissions.xhtml.

Thank you for contributing your work to ECST. If you have any questions or comments, please feel
free to contact the ECST staff at ecst@electrochem.org.

Sincerely,

Dr. Subhash C Singhal
Editor, Solid Oxide Fuel Cells XIV (SOFC-X1V)
"ECS Transactions", Volume 68

Further Reviewer Comments (if any):

The manuscript has been re-formatted.

This message has been analyzed by Deep Discovery Email Inspector.
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| A Solid Oxide Fuol Cobs XIV(SOFCXM) |

A Solid Oxide Fuel Cells XIV (SOFC-XIV)

Sponsor(s): High Temperature Materials, Battery, Energy Technology, SOFC Society of Japan

Lead Organizer: Subhash C Singhal (Pacific Northwest National Laboratory)
Co-organizer: Koichi Eguchi (Kyoto University, Kyoto, Japan)

Monday, 27 July 2015

Monday | Tuesday | Wednesday | Thursday | Friday | top

09:00-12:00
SOFC-XIV: Plenary Session and SOFC Systems
Lomond Auditorium
Chair(s): Subhash Singhal and Koichi Eguchi
14:00-17:40
SOFC-XIV: Cathodes 1
Boisdale
Chair(s): Koji Amezawa and John Kilner
SOFC-XIV: Cells and Stacks 1
Lomond Auditorium
Chair(s): Tatsumi Ishihara and Kevin Kendall
SOFC-XIV: Systems 1
Alsh
Chair(s): Yoshio Matsuzaki and Mark C. Williams
18:00-20:00
SOFC-XIV: Poster Session 1 (SOFC Systems, Cathodes and
Interconnects, and SOECs)
Hall 2
Chair(s): Koichi Eguchi and Subhash Singhal
Tuesday, 28 July 2015
08:20-12:00 Monday | Tuesday | Wednesday | Thursday | Friday | top
SOFC-XIV: Cathodes 2
Boisdale
Chair(s): Alan Atkinson and P. Tsiakaras
SOFC-XIV: Cells and Stacks 2
Lomond Auditorium
Chair(s): Robert Steinberger-Wilckens
SOFC-XIV: Systems 2
Alsh
Chair(s): Ludger Blum and Mark Cassidy
14:00-17:40
SOFC-XIV: Cathodes 3
Boisdale
Chair(s): Tatsuya Kawada and Eric D. Wachsman
SOFC-XIV: Cells and Stacks 3
Lemond Auditorium
Chair(s): Nigel P. Brandon and Harumi Yokokawa
SOFC-XIV: Interconnects and Interconnect Coatings
Alsh
Chair(s): Minfang HAN and Mihails Kusnezoff
18:00-20:00

SOFC-XIV: Poster Session 2 (SOFC Fuels, Anodes, and Modeling)
Hall 2
Chair(s): Koichi Eguchi and Subhash Singhal
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Wednesday, 29 July 2015

08:20-12:00

Monday | Tuesday | Wednesday | Thursday | Friday | top

SOFC-XIV: Anodes 1

Boisdale
Chair(s): Martin Andersson and Anke Hagen

SOFC-XIV: Cells and Stacks 4

Lomond Audtorium
Chair(s): Teruhisa Horita and Julie Mougin

SOFC-XIV: Modeling 1
Alsh

Chair(s): André Weber

Thursday, 30 July 2015

08:20-12:00

14:00-17:40

18:00-20:00

Monday | Tuesday | Wednesday | Thursday | Friday | top

SOFC-XIV: Anodes 2
Boisdale

Chair(s): John T. S. Irvine and Haruo Kishimoto

SOFC-XIV: Cells and Stacks 5

Lomond Auditorium
Chair(s): Scott A Barnett and Uday Bhanu Pal

SOFC-XIV: Modeling 2
Alsh

Chair(s): Naoki Shikazono and Alain Thorel

SOFC-XIV: Anodes 3
Boisdale

Chair(s): Enrico Traversa

SOFC-XIV: Cells and Stacks 6
Lomond Auditorium

Chair(s): Kazunari Sasaki and Stephen J. Skinner

SOFC-XIV: Solid Oxide Electrolysis/Reversible Cells 1
Alsh

Chair(s): Jong-Ho Lee and Keiji Yashiro

SOFC-XIV: Poster Session 3 (SOFC Electrolytes, Cells and Stacks)
Hall 2

Chair(s): Koichi Eguchi and Subhash Singhal
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Lomond Auditorium
Chair(s): Olivera Kesler and Toshiaki Matsui

SOFC-X1V: Fuels and Fuel Compatibility
Boisdale

Chair(s): Viola Birss and Nguyen Minh

SOFC-X1V: Solid Oxide Electrolysis/Reversible Cells 2
Alsh

Chair(s): Suddhasatwa Basu and Xiao-Dong Zhou

14:00-16:00
SOFC-XIV: Cells and Stacks 8
Lomond Auditorium
Chair(s): Hiroyuki Uchida and Katsuhiko Yamaji
SOFC-XIV: Electrolytes
Boisdale
Chair(s): Rajendra Nath Basu and San Ping Jiang
SOFC-XIV: Solid Oxide Electrolysis/Reversible Cells 3
Alsh
Chair(s): Norbert H. Menzler and Anil V. Virkar
16:00-17:00

SOFC-X1V: Closing Session
Lomond Auditorium

Chair(s): Subhash Singhal and Keichi Eguchi
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Ni-Mo Porous Alloy Fabricated as Supporting Component for Metal-Supported Solid Oxide Fuel Cell
and Cell Performance
Browse
b Tuesday, 28 July 2015: 08:20
Browse . | Lomond Auditorium (Scottish Exhibition and Conference Centre)
Symposium
S. F. Yang, Z. Y. Chuang Shie, C. S. Hwang, C. H. Tsai, C. L. Chang, T. J. Huang, and R. Y. Lee (Institute of
At-A-Glance Nuclear Energy Research)
Rutharing In this study, continuous manufacturing processes including spray drying, compression molding and sintering
uthor index are developed and constructed to produce malybdenum (Mo)-containing nickel (Ni)-based porous alloy as a
supporting component for metal-supported solid oxide fuel cell (SOFC). The porous interconnected networks
Canceled of Ni-Mo alloy are made of introducing pyrolyzable filler during fabrication processes. The particle size
Presentations distribution analysis results showed ds of starting material (E.g., Ni, Mo, pyrolyzable filler and binder) after

spray drying is 40.7 um. A compression load of 35 ton is applied to form a specimen with size of 60x60x1.2
mm and then sintered at 1200°C to obtain porous alloy. The anode (Ceg s5Lag 45025 -Ni, LDC-Ni), electrolyte

Meeting Information (Lag sSrg2Gap gMgp 2035, LSGM) and cathode (Smy 5Sry5Co04.5, SSC) is coatzed by using an atmospheric

plasma spraying (APS) technique. The active electrode area of the cell is 16cm< and the open circuit voltage

When: (OCV) is higher than 1.0 V under cell performance testing from 600 to 750 °C, indicating that a fully dense
July 26 - 31, 2015 layer of LSGM electrolyte is successfully fabricated via APS coating process. The measured maximum output
Where: power densities (@0.6V) of this cell have reached 1196, 1012, 716 and 415 mW/em? at 750, 700, 650 and
Glasgow, Scotland 600 °C respectively, by employing H; as fuel and air as oxidant.

SOFC-XIV: Cells and Stacks 2

Tuesday, 28 July 2015: 08:20-12:00
Lomond Auditorium (Scottish Exhibition and Conference Centre)

Chair: Robert Steinberger-Wilckens

08:20 iie Ni-Mo Porous Alloy Fabricated as Supporting Component for
Metal-Supported Solid Oxide Fuel Cell and Cell Performance
S. F. Yang, Z. Y. Chuang Shie, C. S. Hwang, C. H. Tsai, C. L. Chang, T. J.
Huang, and R. Y. Lee (Institute of Nuclear Energy Research)

08:40

[y
[
~

Multi Length-Scale Quantification of Hierarchical Microstructure in
Designed Microtubular SOFC Electrodes

S. J. Cooper, T. Li (Imperial College London), R. S. Bradley (University of
Manchester), K. Li, N. P. Brandon, and J. A. Kiiner (Imperial College
London)

09:00 11

o]

Design and Fabrication of a 600W Anode Supported Flat Tubular
SOFC Stack

W. Ji (University of Science and Technology of China, G-cell technology
Co. Ltd,), L. Zhang (G-cell technology Co. Ltd), L. Ming (University of
Science and Technology. of China, G-cell technology Co. Ltd,), Y. Jiang
(G-cell technology Co. Ltd), and B. Xie (University of Science and
Technology of China, G-cell technology Co. Ltd,)

09:20

[y
[
o

Development of a Novel Co-fired SOFC at Murata
N. Mori, Y. Sato, H. Nakai, M. lha, T. Takada, and T. Konoike (Murata
Manufacturing Co., Ltd.)

09:40 1

N
o

Development of Modelling and Testing for Analysis of Degradation
in Solid Oxide Fuel Cells

J. G. Maillard (University of Birmingham) and R. Steinberger-Wilckens
(University of Birmingham, UK)

10:00 Break
10:20

[y
[

Beyond the 3" Generation of Planar SOFC: Development of Metal
Foam Supported Cells with Thin Film Electrolvte
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abrication of SmBap 581 5C0,0s+; Cathode Material and Its Application for Sr- and Mg-Doped
LaGaOj; Electrolyte-Supported Solid Oxide Fuel Cell
Browse
Monday, 27 July 2015
Browse by Hall 2 (Scottish Exhibition and Conference Centre)
Symposium
T. N. Lin (Chem. Eng. Division, Institute of Nuclear Energy Research), R. Y. Lee, J. Y. Kuo (Institute of
At-A-Glance Nuclear Energy Research), T. Ishihara, and K. Hosoi (Department of Applied Chemistry, Kyushu University)
The layered samarium and strontium doped perovskite oxide SmBayg 55y 5C0205.5 (SBSC) was synthesized
Author Index by glycine nitrate combustion process (GNC). The structure, microstructure, conductivity, coefficient of
thermal expansion properties were investigated. The crystallinity of SBSC powder showed pure perovskite
Canceled phase above 1000 °C according to the XRD and TGA results. With the calcination temperature increased, the
Presentations crystallinity improved and the powders grew larger and agglomeration occurred. The conductivity of SBSC

powders increased with elevated temperature while the coefficient of thermal expansion was 22.6 x 109 K.
SBSC powders were utilized as cathode materials in Sr- and Mg-doped LaGaO5 (LSGM)-based electrolyte-

Meeting Information supported solid oxide fuel cell for power performance test. The cell with structure of (NiFe + CMF) | LSGM |

SBSC was operated from 700 to 800 °C with humidified H; as a fuel and ambient air as oxidant. The

When: maximum power densities are 550 and 170 mW cmat 800 and 700 °C, respectively. The experimental
July 26 - 31, 2015 results indicate that SBSC is a promising cathode material for intermediate temperature solid oxide fuel cell
Where: (IT-SOFC).

Glasgow, Scotland

SOFC-XIV: Poster Session 1 (SOFC Systems, Cathodes and Interconnects, and SOECs)

Monday, 27 July 2015: 18:00-20:00
Hall 2 (Scottish Exhibition and Conference Centre)

Chairs: Koichi Equchi and Subhash Singhal

38 The Uk's First Commercially Funded SOFC Micro CHP Progarmme:
Experience to Date
J. Cape (iPower Energy Ltd)

39 Development of Micro Power Generator Using LPG-Fueled
Microtubular Solid Oxide Fuel Cells
H. Sumi, T. Yamaguchi, T. Suzuki, H. Shimada, K. Hamamoto, and Y.
Fujishiro (National Institute of AIST)

40 Preliminary Results on a SW Portable Butane MT-SOFC Stack As a
Battery Charger
H. K. Jung (Pohang University of Science and Technology), J. E. Hong, A.
Dhir, A. J. Majewski, B. Hari (University of Birmingham), R. Steinberger-
Wilckens (University of Birmingham,UK), Y. S. Chung, J. G. Sung, J. S.
Chung, and N. M. Sammes (Pohang University of Science and Technology)

41 Numerical Simulation of SOFC System Performance at 90% Fuel
Utilization with or without Anode Off-Gas Recycle for Enhancing
Efficiency
Y. Tanaka, T. Terayama, A. Momma, and T. Kato (National Institute of
Advanced Industrial Sci. Technol.)

42 Framework for Analysis of Irreversible Fuel Cell Heat Engine
Hybrids
M. C. Williams (URS), R. Gemmen (U.S. Department of Energy, NETL),
and K. Gerdes (U.S. DOE, National Energy Technology Laboratory)

43 Analysis of Transient Behavior of Fuel Reformer to Fuel Supply
Variation in Solid Oxide Fuel Cell Systems with Anode Off-Gas

Recycle
T. Terayama, A. Momma, Y. Tanaka, T. Kato (National Institute of
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Component for Metal-Supported Solid Oxide
Fuel Gell and Gell Performance

Sheng-Fu Yang

Physics Division, Institute of Nuclear Energy Research, Atomic Energy Council, Taiwan

ECS Conference on Electrochemical Energy Conversion & Storage with

SOFC-XIV, Glasgow, Scotland. 26 July — 31 July, 2015

Institute of Nuclear Energy Research
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o Introduction
Solid Oxide Fuel Cell

Fuel Ha0 + CO3
Advantage CO+H;0 ~ Hz+CO; Heat

» Convert chemical energy directly into

electrical energy

+ High efficiency

» High power density
+ Fuel flexibility

+ Low levels of pollution emissions

Types

+ Tubular SOFC
+ Planar SOFC

Institute of Nuclear Energy Research
g =
S Introduction
Metal-Supported SOFCs, the third generation of cells have been
obtaining popularity in the recent years.
Il 'n comparison to traditional all ceramic cells, the advantages are
listed as below:

Advantage Advantage
* High thermal conductivity * Lower operation temperature
* Improve heat transfer * Lower material cost
* High electrical conductivity * Easter cells assembling
* High redox stability * Abihity to withstand repeated and
* High mechanical strength rapid thermal cycles.

.-h!“ -
Institute of Nuclear Energy Research w

41
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= Introduction E

\\_ Atmospheric plasma spraying (APS) is a fast sintering process, it allows to
, :I reduce the interaction between metallic substrate and functional layers that
LY ,«"' can be caused during conventional high temperature sintering processes.

" APS have high material deposition rate, can change component composition
/and microstructure through adjustment of plasma spray operation parameters.

& : ._= Paroms SSC-SDC companite cxthmds
-
| Dense LSGM cleetrolyi
LD diffesion barrier
Parous L.DC-MNi0 anode laver

Poroms L5CM difhulea barrier

Porous alley substrats

Institute of Nuclear Energy Research

= Objective Ee.

To construct spray drying, compression molding and sintering
processes for producing Ni-Mo porous alloy substrate.

To fabricate positive, electrolyte and negative functional layers by
using Atmospheric Plasma Spraying technique.

To evaluate the electrical performance of planar MS-SOFC. —]

Institute of Nuclear Energy Research
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<=  Method and Material

Starting .

4
4
4

Materials
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Paticle dameter (jm)

i

Institute of Buclear Energy Rese
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<= Method and Material

m E

Institute of Nuclear Energy Research
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<=  Method and Material

Manufacture porous alloy substrate

»

.

Mold for Green body
(60 % 60 mm?)

|BG:BD:‘[2mm |

Institute of Nuclear Energy Research
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o Method and Material

LDC: Lag45Ceq 55024

La O -NIO
Ready to APS WS e
- ; LSGM: Lag gSry2Gag sMgp 204 4
el Smg 15Ceqas0a
- mm q SSC: SmgsSTpCo0s

T

Fanuc Robot ARC Mate 120iB
and TriplexPro 200

Institute of Nuclear Energy Research

Y% Method and Material
Cell performance measurement
ot Fuel: H, (335 mL/min)
— L—Tm’lm Oxidant: Air (670 mL/min)
Vi+) P I(+)

Test Temp: 650-750"C
Ceramic

/Tube (AL Oy)

| 5x 5o Ceramic
Cell Howsing (Al 0y}

16 i Vi

Thermal Couple —— — Hy Inlet

Institute of Nuclear Enmergy Research
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Results and Discussion

Porosities of Porous Ni-Mo alloy substrate

&

i

40

kL]

Porosity (%)

Bulkdensity (g emi™)=

W) = mass of specomen m ar, &,

W, = mass of water-proof specimen m air, g,

W3 = mass of water-proof specimen m water, g,

D_ = density of water at immersion temperature, g cm-,
D = density of wax, g em-3_

s 8
" e
————

& L0 Celoius degree
#1100 Celeius degres
A& 1200 Celoius degree

True density

[

3 4 5 3 7 8
Pyrolyzable filler (%)

W 1250 Celeivs degree Porosity (%) =[I— M]xlm}

The higher sintering temperature results in more sintering shrinkage and the percentage
of volume reduction is 16%-27.8% from 1000°C to 1250°C.

~ porous alloy takes place, leading to a reduction in volume and porosity.

Through reactions that occur in the period of sintering,strengthening and densification of

Institute of Nuclear Energy Research

<« Results and Discussion

Permeability {Darcys)

1

08

L]

[LE]

0.2

Pﬂﬂl!ﬂbﬂﬁ}’ .ﬂf porous Ni-Mo Eﬂ'ﬂf substrate _

#1250 Celcius degree 2
| 1200 Celcius degres i Size of g 2 3 60 x 60 | 60 x 60
A 1100 Celems degree f .l ':mm )
#1000 Celeius degree : I =
1 . § Afler sinferng | 55055 | saxse
é Y (mm”)
- ‘ I . I _
A [ ] *1
. | I
h * ;
) + Sizs of preen bodyl. oy oo | eoz 60
* (mm}
e 1z 3 4 s & 1 8 s ckeins | o a sy | rash
(mm®)

Pyrolyzable filler (%)

The permeability of specimen without introducing pyrolyzable filler at 1250°C

is 0.064 Darcy. “']

After the pyrolyzable filler is added (Range, 2.5%-7.5%). the permeability
increases and rise to the range of 0.13 Darcy - (. 37 Darcy.

Institute of Nuclear Emergy Research 14
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SUMMARY

12 1600
i i
1 - The open circuit voltages
104 (OCVs) are 1.11, 1.09, 1.08

o and 1.06 V.
. J
4 )

The maximum power densities
at 0.6 V are 415, 716, 1,012
and 1,196 mW/cm?2.

Valtage [Vaolth
=
1

-]
i
1

g
Power densiity () mWiem?®)

() ) (10 )

B=8=—6 75100 L 00

] P Vel 70000 . A
03— ey A—— 1, O - 1
Doy 00 °C Our previous work with Ni-Mo-Fe
[ I r T : I . 0 alloy substrate, the maximum
] &0 L0 1300 1608 Wil power densities are 317, 497,

2

Current density {m.Ul:m.z’) 666 and 788 mW/cm=.
Institute of Nuclear Energy Research 1z

= Conclusions

A proper and effective fabricating process is revealed to produce
porous alloy substrate as a supporting component for MS-SOFC.

The large-scale porous alloy specimen with size of 120x120x1.2 mm

|7 needs more efforts to be realized.

The properties (e.g. mechanical strength, oxidation behavior and
thermal expansion coefficient) of porous alloy substrate will discuss in

the further study,

Institute of Nuclear Energy Research g 16
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LB, : ial College
o Introduction
Solid Oxide Fuel Cell

Fuel
[Advantage

= Convert chemical energy directly into
electrical energy

= High efficiency
+ High power density

Fuel flexibility

+ Low levels of pollution emissions

= )

+ Tubular SOFC
+ Planar SOFC

Institute of Nuclear Energy Research

Vi Introduction

Metal-Supported SOFCs, the third generation of cells have been
obtaining popularity in the recent years.

I 'n comparison to traditional all ceramic cells, the advantages are o
listed as below:

Advantage Advantage
» High thermal conductivity * Lower operation temperature
* Improve heat transfer * Lower material cost
* High electrical conductivity * Easier cells assembling
* High redox stability * Ability to withstand repeated and
* High mechanical strength rapid thermal cycles.

Institute of Nuclear Energy Research w-:
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P Introduction

> \ Atmospheric plasma spraying (APS) is a fast sintering process, it allows to
I reduce the interaction between metallic substrate and functional layers that
\ / can be caused during conventiunal hlgh temperature sintering processes.

_,..—

5 APS have high material deposition rate, can change component composition
& / and microstructure through adjustment of plasma spray operation parameters.

Porous S5C current collectar

FPorons SSC-SDC compesite eathods

LDC diffasion barrier
Porous LDC-NI0Q anode laver
Porows LSCM diffenion barrier

Porous alloy substrate
1.2 mm thick)

Institute of Nuclear Energy Research

=

<% Method and Material

Manufacture porous alloy substrate
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<%  Method and Material

Manufacture porous alloy substrate
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<% Method and Material
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<= Method and Material

Manufacture porous alloy substrate

4

Substrate after
compression meldng
Mold for Green body
(60 3 60 mm”)

Institute of Nuclear Energy Research

<%=  Method and Material
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777 777, P Advance
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7
l

Substrate after
COmpression
molding

@
=

Mold. for Green bods Fgmta;::l‘s Nold for G 1. Fix 'f'ith oumpressi?n machine completely.
gt:d 'thiedt.mm 3 2 2. Continuous production

(60 =60 mm*) EPRaE design C120%120 mm®) g 5 ) )

large scale 3. Shape, weight and size are uniformity

L
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‘=  Method and Material

- - ‘Slze 120 * 120 n? |
‘n‘ 1

‘=  Method and Material

Sintering in Hydrogen

at 1250°C

120 * 120 mm? GreenBody | | 100 * 100 mum? Alloy Substrate |

Institute of Nuclear Energy Research Mmm 12
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=  Method and Material

Fabﬁc'ate MS-SDFC by AP S teehnique ] Lag 7557 2505 sMN .05 4
LDC: La, ;sCey ;0,4

La, .-Cep -0, -NiO
LSGM: Lag 5Srp 2Gag sMgp 202 4

Sy 45Cepee0sy
SSC: Smy S, o0, 4

Electrolyte

Fanuc Robot ARC Mate 120iB
and TriplexPro 200

Institute of Nuclear Energy Research
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o Method and Material

Cell performance measurement

Fuel: H, (335 mlL/min)

Thermal Couple

Oxidant: Air (670 mL/min)

v ¥a B I :
89 @ Test Temp: 650~-750°C
Ceramic
Tube (ALOy)
Pt Lot Y | Sx5em*Ceramic
Cell Housin
Tested Cell B
Pt Grids
16 Ve
Thermsal Couple H, Inlet
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& 1000 Celeius degree
E ® 1100 Celeius degres
& 1200 Celeius degre:
W 1250 Celeius degres
a
i i i 4 5 [ 7 L]
Pyrolvzable filler (%)

_ W | —

‘W, = mass of specimen in air, g,

‘W, = mass of water-proof specimen in amr, g,

'W; = mass of water-proof specimen m water, g,

D, = density of water at immersion temperature, g cm-?,
D_,. = density of wax, g em-3.

Bulk densi{v-

Porosity (%) =|1— ———
y (8 [ True density

]xlﬂﬂ

The higher sintering temperature results in more sintering shrinkage and the percentage

of valume reduction is 16%—27.8% from 1000°C to 1250°C.

Through reactions that occur in the period of sintering,strengthening and densification of
porous alloy takes place, leading to a reduction in volume and porosity.

Institute of Nuclear Energy Research
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~. Results and Discussion

Imperial College
London
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Pyrolyzable filler (%0)

is 0.064 Darcy.

The permeability of specimen without introducing pyrolyzable filler at 1250°C

-

.

After the pyrolyzable filler is added (Range,
increases and rise to the range of 0.13 Darcy - 0. 37 Darcy.

2. 5% - 7. 5%).

the permeability

-
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= Results and Discussion
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7=  Results and Discussion

[ SUMMARY
1600
- o

The open circuit voltages
(OCVs) are 1.11, 1.09, 1.08

666 and 788 mW/cm?.

*g ] [ and 1.06 V.
g = O\ J
£
= z ( b
5 § The maximum power densities
= ; at 06 V are 415, 716, 1,012
z and 1,196 mW/cmz,
[-"
- A
Our previous work with Ni—Mn—FD
o — | . I * I r I r 0 alloy substrate, the maximum
0 400 800 1200 1600 2000 power densities are 317, 497,
it
[

Current density (m:Uﬂ'nz)
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