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Keynote Speech |

Title: Analysis of Microstructural Change of Electrodes
during Discharge Operation of SOFCs

Speaker: iz v iz - F(P AR F)

Chair: tR#% (W2 ¥ &+ §)

Date: 2015/10/02 10:30-11:40

Location: 1 #2 = 45 E2-101

1984.3 Doctor of Engineering, Graduate School of Engineering Sciences, Kyushu University
1986.4 Associate professor, Graduate School of Engineering Sciences, Kyushu University
1998.10-2001.3 Professor, Graduate School of Engineering Sciences, Kyushu University
2000.10-to date Professor, Graduate School of Engineering, Kyoto University

1999.4-2002.3 Guest professor, Graduate School of Engineering, The University of Tokyo
2013- Research supervisor, “Energy Carrier Project” CREST/PREST (Japan Science &
Technology Agency)

Awards

e 1990 Award for young chemist from Chemical Society of Japan

e 1996 Award for young researchers from Japan Petroleum Institute
e 2012 Society Award from Catalysis Society of Japan

Current research Topics

Catalyst materials for production of hydrogen for fuel cell application
Catalytic combustion of hydrocarbons and particulate

Ammonia as hydrogen carrier

Materials development and electrochemical reactions for fuel cells
Solid state electrochemistry

Abstract

The cermet of nickel and yttria-stabilized zirconia (YSZ) is widely used as an anode in SOFCs.
The cermet anode is subjected to the severe conditions during long term operation. Strontium-doped
lanthanum manganite, (La,Sr)MnOs+s (LSM), is one of the most common cathode materials. The
microstructure of components affect the performance and stability of SOFCs. Recently the direct
measurement of electrode in a three dimensional (3D) space by using the focused ion
beam-—scanning electron microscopy (FIB-SEM) has attracted much attention as a powerful
technique for microstructural analysis. This technique provides essential information to understand
the quantitative relationship among the microstructure, performance, and long-term stability. In this
study, then, the microstructural change in cell components with an elapsed time was quantified by
the FIB-SEM technique to elucidate the degradation of anode under long term operation and the
impact of initial current passage on the activation process of LSM cathode.

During operation of solid oxide fuel cells (SOFCs), microstructure and chemical composition
of Ni-oxide anode were changed accompanying various degradation factors of the cell performance.
Focused ion beam-scanning electron microscope (FIB-SEM) observation revealed that Ni sintering
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and, therefore, decrease in length of triple phase boundary significantly proceeded with long term
operation, thermal cycles, and redox treatment of the Ni-oxide anode.

The microstructural change at the interface between LSM cathode and YSZ electrolyte upon
discharge was quantitatively evaluated. The cell performance was enhanced after the current
passage up to ~5 h due to the reduction in impedance at the cathode. In response to this
electrochemical behavior, the interfacial structure between LSM and YSZ changed depending on
the time duration of discharge; the roughness of YSZ surface both in and out of contact with LSM
particles increased with time. These results revealed that the increase in TPB-length is one of the
factors for the activation of LSM cathode during discharge.
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Keynote Speech 11

Title: Technology concepts, applications and markets for solid
oxide cells (SOC) ) 1
Speaker: Bjorn Erik Mai, Head of Business Development =g |
(sunfire GmbH, Germany)

Chair: 3& @ ¢ BAIZ ] 5% 538 (¢ W4k 480X )
Date: 2015/10/02 12:50-13:40

Location: 1 #2 = 4 E2-101

Education

e 1996-2003 MSc (Dipl.dng.) Energy and Process Engineering, TU Berlin, Germany
e 1999-2000 Erasmus student exchange, NTNU Trondheim, Norway

e 2010 Malik Management Summer School, MZSG, St. Gallen, Switzerland

Professional Experience

e 2003-2005 Project Engineer SOFC stack, Webasto AG, Neubrandenburg, Germany
e 2005-2010 Manager Testing, staxera GmbH, Dresden, Germany

e 2010-2011 Manager Business Development, staxera GmbH, Dresden, Germany

e 2011-Head of Business Development, sunfire GmbH, Dresden, Germany
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H1-04
Enhancement of Ethanol Oxidation Reaction in Acid Media for Pt-based Nanorods through
Sn and Ag alloying

Chao-Yu Yang (# 3 %)%, Yu-Ruei Huang (¥ %%% )%, Shu-Ping Hsu (% # #)?, Kuan-Wen Wang(2 =< )"
! Student in Institute of Materials Science and Engineering, National Central University, Taiwan
2 Assistant in Institute of Materials Science and Engineering, National Central University, Taiwan
% Professor in Institute of Materials Science and Engineering, National Central University, Taiwan
Email: kuanwen.wang@gmail.com

Abstract

The preparation and application of Pt-based binary and ternary nanorods (NRs) including PtAu, PtAg, PtSn, PtSnAg
with Pt/M atomic ratio of 3:1 is systematically elucidated. The structure, surface composition, morphologies and
electrochemical properties of prepared catalysts are characterized by X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS), high resolution transmission electron microscopy (HRTEM), rotating disk electrode (RDE)
technique, respectively. It is noticed that surface Pt and Sn oxide in PtSnAg can improve EOR activity by promotion of
dissociative adsorption of ethanol on Pt surface and the CO oxidation reaction through bi-functional mechanism. In
EOR results, max current density of ternary PtSnAg catalyst is about 2.1, 1.2 and 1.4 times better than that of the binary
PtAu, PtSn and PtAg catalysts. Chronoamperometric (CA) results obtained at ambient temperature show that ternary
PtSnAg catalyst have the highest current density and stability among all samples attributed to the PtOx, SnO, and Ag
alloying.

Keywords - PtSnAg catalyst, ethanol oxidation reaction (EOR), nanorods, bi-functional mechanism.
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Hydrogen Production by Water Splitting and Chemical Reformation Using Submerged Arc
Discharge in Water

Shih-Fong Lee!, Ming-Yi Huang?, Wei-Yu Tseng?, Li-Ying Lee®, Jung-Chuan Fan!”
! Professor in Department of Electrical Engineering, Da-Yeh University, Taiwan
2 Undergraduate Student in Department of Electrical Engineering, Da-Yeh University, Taiwan
3 Associate Professor in Department of Electronic Engineering, Chung-Chou University of Science and Technology,
Taiwan
*Email: fanjc@mail.dyu.edu.tw
MOST Project No.: MOST 104-2221-E-212-012-

Abstract

Previous studies have revealed that large amount of gases were produced as by-products when underwater arc
discharge was employed to produce nanoparticles or nanotubes. Water molecules can be split into hydrogen and oxygen
atoms by thermal decomposition at a high temperature, and various molecules such as hydrogen, carbon monoxide, and
methane can be reformed with carbon atoms escaped from carbon heating devices. These gases are not completely
oxidized and thus are flammable fuels. However, the process of molecule decomposition of water is possible only at a
very high temperature above 2000°C which can be accomplished by local heating with either direct joule heating or
submerged arc discharge in water. In this work, submerged arc discharge in water and carbon electrodes were employed
to produce fuel gases to study the feasibility of employing this technology to produce fuel gases. In this work, the
temperature of arc discharge was accurately determined to be around 2400°C by comparing the radiation spectrum
emitted from arc discharge with black body radiation spectra obtained at different temperatures. The produced gases are
primarily hydrogen (H,) and carbon monoxide (CO) and thus are flammable fuel gases. These gases can be utilized
directly by feeding them into the existing natural gas network. This technology of water splitting and chemical
reformation is not only useful in fuel production and energy transformation, but also important in the large-scale,
long-term storage of energy and helpful to the recycling of waste resources. In addition, various hydrocarbons were
found in the residual liquid indicating that hydrocarbons were produced as by-products during the process of submerged
arc discharge in water. Further study is required to unambiguously determine the exact chemical composition of these
hydrocarbons.

Keywords - Arc Discharge, Water Splitting, Chemical Reformation

H2-06
F iﬁf’?}’kii PRASBKIPFPPETFAR
FlHp Bl B R L2 st 18
VAT A BB NRAPHALE S AL
249 A B KRR S PTEKE
3 e Bgd REEY o HA KR
“Email : hjleu@fcu.edu.tw
FLH 2R3t 4 $EL ¢ MOST 102-2221-E-035 -002 -MY3

LI

#&

AEENERIRBKLATEFIPAL FHEIFRO FAF ORI 2 > T
P FHALT AR B EREE SRR R AT A o KA REERR R Y Hcd PR
Bk AR F R OK o T E Rap WA 2 MFC R # O 2T (T o

AL RHFEH R LA FHE T2 52 > ZBHRFEPHES56.0> HRT24h~12h~8h~6h» ¥ it * & FEfsicft
BL %S RN GRACR T R R o B R AT 0 R BT ASL(PH2.0) 12 /] PF ~ fedg 423 pHE.0 ~ i
Sod A B2 R e s AL P T ook BodF ~ B 1T Sdl 17520 37°C ~pH6.0 i 3% ¥ 21 = > HPR 35.3 L/L/d ~
HY 29.1 mmole/g-hexose ~ (.41 % & 92% > & & 7 if * & %% fo (L H 2 Bk o & & 5k >t 60(5)°C ~ ORP 0~10
MV z #cdd R 2 TR BHEF i KM R A Mo BREF )V F 2% »SCOD & 4
kR B3 ~ vg,éfséﬁ;é'riﬂ@ B F B vk E M PR LT 3 % 0GR RE % B 4F 0 VSS
VR 688% - HF I AL ALY M LA KEFME SR TE 2P I AMEER MFC 2
VFA £ 3 4 G % 93% 5 B if 5 WA B N MFC FIRF Fips "% K o frif & £ PER 2 3 0F o

LB EEF
T # (MFC)B~ it &

BatF @ ARG S FEAF T B d AT BT § R
23



2015 % - B 2 WE s TS B B - B SN RS § & € —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H2-07
IR KERAL P
3%l 2 1‘1*}3,.7&3‘ +E"Z]9?4'*
1o iﬁiﬁ*ﬁfﬁf“—ﬁ”&’ riEdafel < F4
2w X %‘3 ¢ R HMLECER AL
TRREIT IR I 2=
R R PBAERB ST MFEL 1L B
“Email : kslee@ctust.edu.tw

’

# &

AEFRERFT IR IFEREBREAL 2 AT R IF7 & 12 7 %4 4w u CSTR (continuous flow stirred
tank reactor) 3 PBR (packed bed reactor) » Ji& & (7 4% iF o g "J FoMEZAIHABEFEY S FREETE L
#kk r#%i‘mﬁ @B cAEIETEMIER 109/L 2 HRTAhz 512 » BS54RS 24 2 RRL

ok > H HPR (hydrogen production rate) ~ HY (hydrogen yield) 2 HPE (overall hydrogen production efficiency) 4~
‘%'J % 0.649 mol/L/d ~ 1.91 mol Ho/mol hexose %2 47.2% > @ X % k2. HPR~HY % HPE 4 %] % 0.452 mol/L/d ~ 1.32
mol Hao/mol hexose % 31.6% > & & ,kx stE B4k ¥ ¢ FIH WP B2 = *“srm PEAG AR BB A G WS
2 PBR 7 2§ P R A R 3R O L A T ean 2 ARk sk etk & 4.8-5.4 g COD/L
2 HRT48h z if it > 2% r P %2 S Rk L2 X wR A & g & % xﬁ.; AR R FEAE L E oy
dvd H e N E R R R () B B (H)h/H=1/2 (irﬁ % 150 g/L) > & ez MPR (methane production rate) ~
MY (methane yield)2 SCOD (soluble COD)-2 f_, 4w % 78.2% ~ 84.4 mmol/L/d ~ 43.0 mmol CH4/g CODre %
82.7% > tp >t A & W&k > B PP B aRJZ2 % SCOD —i eV iE 92.2% o

Hats : dFRAE - CRER P A

H2-08
PH #13 EADL 7" FlE KA S 2 B F
Mphlykdea s HRE I M A2 R BEA S FRE

SR SUE X S $4F 51

2HT AR s LS
AT AF IS K

R PBAERB S MFESL I B

“Email : kslee@ctust.edu.tw

BEPEAE G PR 8 RS ARG A L KA T PRIRRR LY BB L e it
Fﬁﬁ?éi P F AR R TIRB T RT Jonk L A F 200 o F EON > AP EFEAA Y BiE
I g A& F{¥F - ¥ CSTR (continuous flow stlrred tank reactor) ),@‘33%? 60C T2 I pH 2 s ¥ pps 4 &
e iT o ﬁ- IR pH R R A R o FERE AL RS R > JER 5 20000 mg COD/L > # 3tk 4 F T
i (hydraulic retention time, HRT) 36 h 2 ix ¢ = 4~ w]ig 7 pH5.0-6.5 7 5 3##42 - F % &7 pHE75 2 2 & 2R ik
wHB kE o B I F kR (H%) - A F i 5 (hydrogen production rate, HPR) ~ & # A& Z (hydrogen yield, HY) % &4
A & »z % (overall hydrogen productlon efficiency, HPE)A\ v £ 40.4% ~ 59.7 mmol/L/d ~ 0.903 mol H2/mol hexose
3 224% AAREAHMFES G Mr‘ PHG5.75 s ke > His B2 FUpedr e faendif4e ¥ 5 3 J1A2 & 0¥ % o
FB.pHS5.75 kT msph 4 :,\ P PO E TR E SR EB03% F G I AT Tk o

WetF o FEmFER G CSTR » #4 # %7 ~ pH

24


mailto:kslee@ctust.edu.tw

2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H2-09

FRE R F AT 2 SRR 2T Gk
IS PSR ey o
PRz A F RIS TR
WY L A F R ER 0 KR
“Email : chokaren41207@yahoo.com.tw

BAH S LETB KRG LB
=

# &

AFHERT ST E oLy P RRBFLKTIRAL JER R FHTFEREY
B8 224 4 e 7 1 5 mﬁﬁp+’&ﬁﬂkéﬁm\mﬁﬁﬁﬁv&\m@”k&,&ﬁ»@%w,
f# 4 F(MHD)® ¥ 4 x4 (Lorentz force)z 258 » @ £ ek 2 BAER 2> A F 1A
T IEL KT " MIEFURSET R K o

BT RERF W R e » B AT P EE3MmM kA 25wi% 7 R 3V PF B RS 5 3.6 1hre
«ﬁ%‘%‘ﬂ EARLE- S £ i?‘l’%ﬁ@ﬁ‘&éﬂ« i@ﬁéf—r ~ R ’2}@54‘1_' B g o T BEFIE3MM TR 25V’

S PRET R AF H AT 5 184% 0 T F R4 5 102% 0 ff THREN RS F G A Bk & F

TFE3MmM o TR 25V 1eF ot B 5 92.14% -

e
;=

b Wa ek
(=i
%y?@%

—\
s

e

%
= ]
&
14

WatF . PaEk - ¥4 74 @i 4 H(MHD) ~ £ 7 5

H2-10
AFEHBS LA Bl y AT D
MAF=L s thpia 2. fikE 2
LA B 81 e s 28 kg
2RI A B e R Py A
*Email : hjchen@mail.tku.edu.tw
i# &

dORIEN A TR RARRAREA 2 TP R R G &G 2 A REH DL TR RS 4
TR IEER #r‘a WHEFIEELT DR AT LB IR (,‘7?;”) ERGRER A L)
ARz AR > I E AT S g o

BAE B F REBSEARS S0 Aspen Plus st B A 7180 2 A R 2 IFiER 5 R B T00°CS &R 4 1 bar-
e HyO:CoHsOH=6:1° & B £ i e b2 o b o4 FippF 2 MR FET s @R SBEeF BA2 &3 F
REESEES R R LE X me'f%' BT (1) - A E A F R EF RS @ IR s F i
o BRGSO TS (PEMFC) # R 0 £ A #IRE f§ £ 56 kg B PEMFC iy 154 5
élBZKW‘Q>F—”9%%1$F*ir$%Mﬁ@ﬂ@§ﬂﬁ%#@% Sm@)iﬁiﬁﬁaw@@
POEAFREFES 285kmo|/hEI$SOFC RELHFHETEAAMW 48BN & 3§ 2 iz
I AR AT —?« “:é Mt F AR 610 kmol/h & ia \—aﬂ.ﬂ;z\& @i+~ (COM) % US$53.2 x 108/yr -

r2 2 BT R R **u/nbl’iﬁ" B AH BT “AspenPlus” 1 25 TS & S B

21

B o

Beg? © dav -~ BIER)EE S BT A B 2

25



2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H2-11

R R RS S RN IR Y ¥ ¥ ¥y
PERM S mAF S
TR A ELFRT IR R
A EAERTI R PR
*Email : paiyihao@mail.ndhu.edu.tw
FLE IR W5 ¢ MOST 103-2221-E-259-039-MY2

:J’%Jt
L f‘h’éﬁ‘)}i' it g2 28 kHz &7 100 kHz 2 74 3 ih?ﬂ”?i%# L8 2 S8 RS T R 7k
"i'L%lﬁ'* Fem@imy PRHELCERRRTAITEEY FRUAEE LD 5;47-%'@1% LM E e
FREZF MR AR #BWJ@_:L %&TT&«; LR RTE T95uA 0 A LM EBHEA TS & 0 d XRD s
Wdpd o § RS S dE 28KHz iE 2 T T h S IV EE P BRT R BE d %%wé B AW A204 R 5 328
BAr 344 B e & A w5 (100)27(002) o Ak i B Rl & 3R 0 Ty % 194 28KH, B A S et el
B2 g a2 N Rt A FomBla 22§ e v addox B(% 301 pmol/hr) » 2 & MEF PF
e d A & 2RI BT FARE o S - BT F A RS o d XTI F LA RRRRES AL EF
BLE BT E PR BT b %E?W“%’éﬂufr% B TR LRt %* BT R AT RE T PH R 58
RgRtsad Femair PH B Fd 414 %2 3 82 o LA F adddp R &A™ » R4 o &5 OH
SIS BRI TR F A A cOH > Fla BRI A G fE R ILET F ARSI R A ST

lr§ °

WeEF 1 G~ A LG4 4 e

l,

H2-12
= 5!@":}%;; Fr NI RAEAEREEAL2ZFY
- Fi3 SR V- N M RS A R & O
Y MY o 7 S BHRE Ry o 14
ZROL L E A BRI T LA
SPAEE A B gRET Y ORI © R AREF
PRAL R B R Ak R
SR LI BSR4k B IE R
“Email : hrf733@mail.ksu.edu.tw
P8 F %5l ¢ MOST 103-2221-E-168-022 ~ NSC102-EPA-F-007-002
&

AET R BRI ELAT LA AN G E & F H(Hoerich syngas) - 2 B4 4 RN 4R RN
R lpk’}" T Eﬁ AL AR T ok ET :ai % (Steam reforming of methanol, SRM)= ;4 :2 (7 o -k %4 £
PEBHEFEZHMRELELLE R ARSIV REAFE RS R - %Eﬂ Bew o R B TE LR YT
Fza i ’é_ﬂié”vif«%“?*%’" i
fii‘«?féxbﬁﬁ;}%‘i“ SIEFRF P g RP S Py

FARFAHINGF R LR ER #isl?#% @fﬁﬁmﬂ’t#“z’/»‘”l? »

Pk T B L %l’?éw pRT P S RRIE
ﬁfﬁé'é\"lggﬁ‘*;r? ?*ﬁn’;{%,ﬁl'ﬁ ﬁ;“gé_:‘i.rﬁli, *T:’Ejzu%kfkiﬁ' E'Bgélbi*ﬁfmmﬁ é‘?K 35&%%’%8/(:
;talz %145 7 Eiega g 95 168giminc & § A DR R AR E BT BT 75% - ifﬁﬁ 3B 5
0.58~1.34mol/min -

o
A

Bz T fFEAE S BRE S BRH

26



2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H2-13
AL B RIS L R S LR

fR =1 e 7§F ~ 3G
IRl & S R S S Lt ﬁ-,f- Bl
SRC Rl o S G S PRt k- S e L <
*Email : chwang@mail.ntust.edu.tw
PRt %5l - MOST 103-2622-1-011-010-CC3

&

AR RG A EHE U E L ERFLBAIME 0 3 BT R R 0 R hR A 1) iﬁ%‘ﬁﬂ’“ﬁ* ¥
PSR aF AR REFIENEY o -k T f2(water electrolysis) £ - ﬁé*’* xhg‘f‘;tkﬂ_ s B HREE T A 0 ek
%ﬁs‘i?ﬁk’i F o8 AFEERY RRASFTOREFMASL > HER FE R o KT fRAERY N TR
2k g o d 20455 £ R(OER)FIF Joid Mk >t B4 ¢ gxgak ok m#F* CBITBEG F SR P
15§ F B(OER)E (7 — k5 ehfa § » rgpeid F flpid 5 30 % i B4 4 o

BAFLY R DG AL A AR TR Y A R o KB T 0 T F F R B
f?*ﬁﬁ%“ﬁ%”‘ TR Y TR RRE R ”?Iﬁdq‘ﬁﬁtﬁrﬁiﬁmlza 161V & %1“18VT?,‘J?1§1?3‘§140
mMAcm?2 . L& pEFRpEe ?‘4 ?w‘f}i’_wﬁ%&q—eba, cRR AR B DY 14% i o

Witz . B K TIE A 2 B

H2-14
A BICREFLEZANFE SR FHBEES
FEFIEEEL FRre AL R s
PR BRI Ry T LA
CPABE A B RBREFT Y Y S B3 AREF
SR B AR R g L2
PRI AR B A kKR
“Email : hrf733@mail.ksu.edu.tw
ﬁiiiffigi-%.%%i : MOST 103-2221-E-168-022 ~ MOST 103-2221-E-168-021-MY2
#&
AP A A FT R AR VR T E ia’ NHEENF %‘*" o J1 % i ZF § £ 2 (Oxidation Steam
Reforming, OSR)z. % 2k iPl3 » T e & Wh T frt 8 e ﬂu\ﬁﬂm TN EAER EI AR @Yy Laf i

FRrRasagasMield)~@git»as s FlonaF -z FERE od §F M FF
B 600 °C ~ O2/C4HsOH=1.5 p% » S/C 3B 1L £ 3 1w+ > o Frd|fA AR IR % cngh 4 o
3 0/C4HOH=15¢7 2022 S/C=3~7T % FFp % v & &2 F @m_fi.%;rﬁ i S‘fr A X
F P E_7041% > & E3xF R 5 60.75% o

2 B E T FRER
e R SRplE S B
75.88% » 7Ll B i ik (L 2%

| \i‘“\«

KD
£,
5

):L

Witz : " F R EE 2D A

27


http://en.wikipedia.org/wiki/Partial_oxidation

2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10™ National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H2-15
AR BEIBFAEAT inBr 2 hipFE 27
B “‘Ji“%ﬁié N - N
SR - A Jfﬁwf*i*% B
TR SR A BB L RPARE ém;—;
SR ss A HE Jnu@?ﬁﬁ =
CRE s A ERS LRPARE X /F‘"ﬂ‘
“Email : a2628915@gmail.com
FLE IR F W5 0 MOST-2221-E-024-004-MY3

#&

AATER UL F TR ABAFT ARLARST S R R AR AN TIEAT > KR
Whg g éi FAs o sl g s T B (FCEV)4e & i % o Matlab/S|muI|nk sgmfsﬁ%t BERT iR
[ ,;;._ B o

HERL AR RET Lnas ””Jfﬁ—%iq’ FEFE T E BRI S TR AL DM oo JI T R
3 ’ﬁ%‘i?'ﬁ* AR ER A RBRFE T A d kA E 2 A0

BT R R = 40C ~60Cre 2 80CHF » A4t A &L 2 AF T A BT I AL DR A7 - S
5 o % 6kw -] A Rk ¥ ks BOKw ek FE A R T A PEFRE (FehpEE o E N & f%gb'éi“l(%,,‘ ‘gu;ﬁjlﬁg.—g ﬁ_.ﬁ*
W1EER > VUG suen B 24 & aod o

BeEF © TiERAE ~ TR B - 2ELETHEE R e d

28



2015 % L BRI BT SR E TR B SN RE § & § —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

1L
%
ey
Iaé
dJ
i
- |
%
i
?

29



2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

30



2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10™ National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H3-01
"J A 4e NbOs 12 2 5 23 3K ﬁ‘\% *"ﬁﬁgf}qi FRIPFEEE
}—F\—J-ﬂﬂl\)fﬂ_i’gz‘: 1\}%vr}21\ El @_iﬁzxrﬁgﬂa’o3
e o ,F» ’ﬁ‘ DP SR L AR
J‘?ﬁ‘iﬁlﬁigﬂ g4
3[&] %‘14*?'&%#1“*‘1%15‘3,: Fox
Email : 1078573@cpc.com.tw

3ckchen@mail.ncku.edu.tw
A g 1 e ¢ MOST 103-2221-E-006-237-

&

rY A RFHRERELL LTI mﬁn‘—’q@%ﬁd FRTFCRETEZARE XU b 1R
EEens o B ol PR E IR A ENE A ERE M PR B /T*E
FOORT A |¥‘,%‘;H' Beta £ T > A tprr kg B > B EF KT U AR MR R T T
U AR R G R e S - B R E e

M&EF @ g > fd T F 4 FARE I

H3-02
7%%%&%*%&%5,*ﬂﬁhfﬁui$
23
1 riiﬁtr%‘—*f‘m%r\‘i BAK R
“Email : hungta@cn.edu.tw

2

-

HERAATRRPHDFERY  ERPREY JJEREd CHARF R I FRAET TR AL
B iEARY M5 L2 oo T ’v?ﬁiﬁﬁ]?ﬁ-ﬂﬁ T ?,”}‘; F&éia}?“ﬁ ‘IFE],; RN RS - Eﬂi‘ o BE 1
*OE TR R rftgtﬁﬁg F B e BT drg ﬁi}—? RHEY 4 M KRR B i nE RS Sl
FOER- HAEE 0 MR RALE e WA TG @A g b,}%zl:d.,ﬁrn,\ﬁ o pLeh o %A E R
Bef B2 BT AT K R R R k%" CEINRIPL RS S N2+ SRR Al
Bk B RELE SURH B SRR R R L ok ze%ﬁeuswfﬂﬂuﬁﬂz R
EF R AH A R AR SRR TERF Y GRS ARG E D F R RIFH PR 2
TERR 2 GO > DR RSN S e R G BN R TR A 2 R HEE R F LSRR K F

2 FCREFAAR A o

WeEF @ IR s G F AR P

31



2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H3-03
PdNi/a-Al,O3 4§ & mii méﬂ Eﬁﬁiﬁ

ERE R »:Tsw s 3!
VR L Rk S %Hf—'v}i%fy § AR T B4
PR LR Ak Bk
"Email : dktsai@nfu..edu.tw

# &

PR L LR AFNE FAEREESHEN CRILRY L FARES R o L E TS e S
4 & EMT4ET 534 0-AlLOs A4 355 Pd &t £10-AlOs4f &% JL B 24F 3 § BB 2 PRET - F 5%
—N?& X545 N /"Tf?fi PdNi "%t a-AlO3 EL}’H ‘I’/f]‘ 4 Ni 2 PdNi ’93—}3—}‘]‘7}'5 W if4 %% 14 % H2/N21{<§ R
B FE R ERBE R K3 PdNI/a AlOs 4F & Wz #fEw o FokE 8T W55 bum 2
PdgsNis/a-Al>O3 ~ PdggNiie/a-Al,Oz 27 PdgiN1e/a-Al,O3 if & £ h 623 ~773 K 2 206 ~ 486 Kpa B :# EET s H g 7:1‘7
%% d 5 0.0344 ~ 0.1260 mole/m? « s ~ 0.0326 ~ 0.0914 mole/m? « s ¥ 0.0327 ~ 0.0815 mole/m? « s » Hy/N,iE i%
145 282201 ¢7 165 -] >t 4p I & A 2. Pd/a-Al,O3 4 4 %20 0.0259 ~ 0.1401 mole/m? « s 2 483> E A #% < T 10 um
&1 PdgsNis/o-AlLOs4f & %> B & F %3 £ 2 5% > 0.0325 ~ 0.0546 mole/m? « s ~ 963 » 2 Pd/a-Al,O3 4F & %
T3 473 K 2 T3 K TET S # RS > LI f2F f 2B U2 BB T AP A% BT
PdgsNis/a-Al>O3 if & £ B A f"é T o

H42F PdNila-Al,Os 4 £ %~ 4 7 F52 ~ HiNo sF 35 2

H3-04
e L st B Qlan ki
‘fﬁf;?ulr*\ggg ~EEES

T8 b/fh"lars wa ﬁiém
¥ H {ﬁ’kﬂ fam & B i85 RN Eﬂ al
31 ‘}'p};i h‘lﬁ ]‘mrzaln\]‘ $5’—§}Eb/}§'?‘3 _J_F;Lﬁ

Emall : howgo@itri.org.tw

= ARG R R 2t Yl 0 104-D0110

kg FRE o QLT E PR e RPEEIIEARAR - RY oy v § 5 R
i’ﬁ%‘%’f ek AL LMz Ad ke FAE P LI BIE B ﬂ&g%ﬂi iRz )
= isﬁiﬁ!ff”ﬁg)"ﬁ?ﬁ ’ 3\")“7*##1/‘1?‘1 F RGBT A KA IR gk o 8 s

Ty RREACM T THROER > RFLET SRR QP AR SRR Brdy i
a2 %mﬁ 1“1’*1%& S U d HmEEF s & ’P SR R AI R % iiﬁ‘%ii . Bl E R +/J\;?%m
BRI ERS L e HOMERE - £ BRI MR AL ERT PR AT ELAR
FRA ) CHF F D PR Y PR LR - 2 <Rk R R R £ Gt

Bt E B B SRR PR R TR RO AR A i B R
EEEN N AT S 2 “Wat;mwuoﬂ“ﬁﬂW%a? {.IﬁJﬁWkiiimi¢°’mW%f*ﬁ
Alenie® » B Bt g dhr s e B g fRHEY A B o HWHARIHE L6 - B8 B
B

Wets T3 it £ BiEd #

32



2015 % - B 2 WE s TS B B - B SN RS § & € —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H3-05
ﬁ:ﬁw v Ag~Co~ Al $ ZK60 & £ g (it 2 B 5F
IHA VS BIFBI RETT 2 ke p 8
lge A B pgEa 28k F4
P B 2 kKR
H v A EpEAE 2 F kR
“Email : hclinntu@ntu.edu.tw
fﬂ,‘;i%fi?%.iﬁn%u : MOST 104-ET-E-002-003-ET

# &
*E 7L E T 4 #%)(Equal Channel Angular Pressing, ECAP)#+ %] » §2/% 5 BA ~ ##%l =t # 12 =t 2. ZK60
£ £(5-6 Zn, 0.3-0.9 Zr, balanced Mg (wt%)) » 2 %2~ A 1,?]§4c 5wt% C 2 % it 6jenAg~ Al 2 Co ~ 2 i ¢7
Tj:/:g“ 20 /] wf;?i% FREE ko FHARBIBT R RS ERT 7 *+ 5C0.5Ag » 5C0.1Al ~ 5C0.3Co 3 B ig v
53 ﬁx‘ﬁ* kg § 0 H ui A I 7.05Wt% ~ 6.68Wt% ~ 6.79W1% © ¥F 3t & £ % T HIRAIEE - F I"T “v 5C
2 % it e Pd s Pt~ Ag 2 Fe~Co~ Al %'rif%%;%ﬂ}’?fﬁééﬁﬁ”/ﬂfrﬁ BT d RERFN S FREEET 7
e 5CO.5Pd {7k > % Buds - 5 500 =%tk fo % & & iEi 20.5% 0 # =% nu,l 4 5C0.7Pt &2 5C0.5Ag » 5§ 500 =% ¥k
s g fw)é“ 28.0%% 29.8% - H ¢ ; 7 #r 5C0.5Pd £ 5C0.5Ag J€% 50 & 1 500 & 2 Ph%k 0 £ 5 450 & ATk H
R TEOLR 32%% 0.5% BT HF W2 Uik P 2AF U4 S A4 5CO.TPE R E £ u;ﬁhﬁ e
%2 48% Rp T 7 #v 5CO.7Pt ¥ 7 7% 5 ERCS WER 9 2k S E

BetF @ Ed £ £ IK6O0 £ £ ~ Tk 4 s IR L

H3-06
Bl BEARE CHBEREE £ R (6
EFEL L gEA2
R S F BRI PR
2R SR SRR A e
“Email : cchiu@mail.ntust.edu.tw
P4 %5l - MOST103-2218-E-011-006

#&

AR IBA BEMRA AR e HE P > § I EMIH) R AR L B RS R s e g 1
3 hFs s i FEROPIL AFLHFERN 2N EREH Fe 2 Co ¥t MgH, % B3 3cd & i 5 2 PhIRAE
TP el Mg BB £ F Ni A5 EFE & F Bird =2 lvqiﬂ"“ FEORP AL o AP Y 5*%%5?&
420°C 2 440°C - % & Fe~Co ¥ 3 »c4 = MgH. 2 B iE w3 d & kg 5§ o & 420°C 2 440°C’5,9F"\1—r 3+ Fe z
MgHzw & & e it £ 223 g & m%l“iﬁ“ t 0.2wt.%z2 fF 5 ¥ g § bt”w. B2 RaARF2EA  BERGERE
TiE o ;‘;’F%u;% i Coz MgH, - 440°C | € 7 754 & T PP AL - 3 B3 %d sk~ Y - MgirFex 7 ¢
4o Mg-Ni 2 = £ B i- &4 > & ¢ F] Mg-Fe-H Apend &g ik 4 uifr"r;ﬁ "% 05vvt%,Mg 4= Co M i g e
Mg-Ni 7 57k = B b = 2 AR EFEF L2 B e FE Mg-Co-HApend g kg £ g™ "% 2wt%°

Wet3 @ & 104 Bt~ BEF RS F  FRETH

33



2015 % - B 2 WE s TS B B - B SN RS § & € —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H3-07
RS A RT CaTR ¥ ¥ RS 2
3,’13—\:’993;%—1’2 R ET 2T R 3
M2 scBar 2188 =14
SRR 8 e e R X S (€<
S1EEE TR FEMWEL)
*Email : chenwh@mail.ncku.edu.tw

T

x&

zAAfd i pplded AAiE o Hirgd 42 FHIFIZREFHALHL > Fp
;ﬁe» B2 ERAR o WEN AT F L HNE G RFHEIT - FIERBERESF 2 KA AL
N —

5}01;\

kg e EREHEZ - - AEELARBFFTER R S HB LT F > P

):-L

LR ISR 4c%§,ﬂ1$ SR L AR LR RA PEUE AT LR REC R G ENWE 2
;{;Lﬂ*)ﬁ#p&é’ﬂ“,ﬁﬂ—?{‘“ gk %”s.a\rggi;;;—gﬁrﬁgﬁﬁmz,}; BAFE Y DA BT L Z AN
(1)»#»1_55}4;}#,;7 %}uﬁrg ,,ég,*;*%\f'fﬁ@f?:ﬁ:"ﬂ”ﬁ—/?‘ﬁi ‘?”]T.,(Z):f e F T RS
THEMT F L BE Q) WH P HE F L B B RS R 0 F - R T G
10B$”’a‘%£éswﬂlu 99.74% > * F £ ﬁ%%??%&’iiﬁ”ﬂu%gp s AN R -E
FOHES BP0 & F e T RT 100% & F wATFEF L F L F T BN e E Ik F #3000
& F wHTF e e 55% -

e

BaEF 1 s e s R s d F Y F

H3-08
Non-isothermal hydrogen permeation phenomena along a palladium membrane tube.
Charng-Hung Lin !, Wei-Hsin Chen 2, Chien-Nan Lin 3, Yu-Li Lin 4 Rei-yu Chein 5, Ching-Tsung Yu ©
IStudent in Department of Aeronautics and Astronautics, National Cheng Kung University, Taiwan
2Professor in Department of Aeronautics and Astronautics, National Cheng Kung University, Taiwan
3Student in Department of Aeronautics and Astronautics, National Cheng Kung University, Taiwan
“Green Energy and Environmental Research Laboratories, Industrial Technology Research Institute, Taiwan
Department of Mechanical Engineering, National Chung Hsing University, Taichung 402, Taiwan
éChemical Analysis Division, Institute of Nuclear Energy Research, Taoyuan 325, Taiwan
“Email: vwhchen@gmail.com

Abstract

Hydrogen permeation through a palladium (Pd) membrane in a non-isothermal environment is related to the
interfacial heat and mass transport phenomena in nature. To figure out the hydrogen permeation characteristics under
the coupling of heat and mass transfer, a numerical method is developed in this study. The influences of the Reynolds
numbers at the retentate and permeate sides, the temperatures of feed gas and sweep gas, and the H, concentration in the
feed gas on the interfacial H, permeation and H, recovery are analyzed. The results indicate that a minimum distribution
in H2 partial pressure difference and permeation rate along the membrane surface develops, as a consequence of
competition of dominating mechanisms between the membrane permeance and the H, partial pressure difference. A
dimensionless mass transfer parameter (&), which is a non-dimensional driving force ratio between H, diffusion in the
gas phase and H, permeation across the membrane, is conducted to aid in illustrating the mass transfer characteristics
along the membrane surface. It is found that the curves of & are insensitive to Reynolds number, but depend
significantly on the temperature difference and H; inlet concentration. When the H; inlet concentration is low, all H; in
the feed gas can be recovered and the minimum distributions no long appear.

Keywords - Interfacial heat and mass transfer; Palladium membrane; Permeance; Non-isothermal

34



2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H3-09
1FREHNERRTS RFERE B
PERY BRI F AR
TR A EFLT IR K
PR R EAR LT IRE k LA
*Email : paiyihao@mail.ndhu.edu.tw
P4 %5l - MOST 103-2221-E-259 -039 -MY2
&
PR BEAR MR T IR R 7 EL L8 i*.ﬁ*’xﬂf{f%?’%?i%.ﬁﬁlﬁ_“ EAF 450 HAE 2 mi2
A U L M ey S A ﬁ#ﬁ SRA T HMBREL NN BT RLIFEEROL AN R
R R £ 2 S5 F R G B KE 3 R LR TR Tl ]
PRAPETADEREBEEETE 6 FULRNERPDTELDEF > FRBAEL 2T F Y L
BERHER AP E'J'L’»/‘?ixﬁf%%’i*"“%ﬁﬁﬁz’ - é'ftrf—*é e E R TS R .
ARFALERIENFTFRARERRELS PP ETRIS AT AR N2 TR

A~ mFJﬁi A i) g maﬁgs WAL S dF :}p,w%frniqm/,,\ﬁu%%ml E -SRI NN S
64.5ppm B F T F 3 lppm T o gd B & & 2R 8 (MEAIOCMA)E § 4k A TR 0.6V iE i TR

%*4%ﬂ’@$aami%ryfﬁaé%f *“**@ﬁ**’t%lmiﬁ’%%?ﬁiafﬁi:
Bt BELE RS BEED 2407 1610 RAFZORE PN § E0 R MBREL £ £ E & o KA
PLE SRR F R R E T4 R A RIET R T i A JL(240MA/Cm) B F it i ¢ 1 %
Bed g R 2T HAETE(H 275 mAm?) » fFFRT S F R FI G R B HE T R ey SR G

—

FEE F R GRGFT A kY YR & F MR AR & iEf

BeEF @ 1 FRE & BFETS s MR

H3-10
MNRRTEEZNE AFNs E #5
oo g1 Bl RGO e e BT 4T 2 3
1_1 é}“—ﬁl/{h’ﬁj f % iy 3 I%P‘F;L”'T My B5 70
iiiﬂﬁ'lgjbl‘m Jﬂhf&iﬁlﬂw”"r gﬂz ﬁ
IERFF T SR ERBFL N RTIEFT R
ML SF - 4 ﬁn“aﬁi,l. g4
SPAFHKAS L EIEl F4
“Email : ansonchi@itri.org.tw

i# &

AR AT LB e LR ?33 F Ak FlE o B B SR g o RRAIER 2 15
BT W R e 2 ERE T F R s g a,—*%wﬂfrﬁ(SEM)/’Hfrfﬂ R
zZdwm A Rpa gl L Bl PR GSEHT O 2 HAWEEREE B RBER 2 TEFRT > #

[ L ’{ﬁlﬁixﬁxi‘a o A | * #;f#ﬁ # 400 rpm ~ ik B 12.5 MM ~ %‘r@;‘iﬁ*F’* 180 min % % #cv & %
4'"3*3%- 10 pmz_4s JEE > H g ;;?;3,}3 % 400°C % % ™ % 35.36 m3/m?-hr-bar®® ~ & 4 bar ™ £ #& 5 79 (Ho/N,) -

)

r
Y *%r lﬁv'@‘»’l

/7“*

7
4

_'L‘Lw,g,l-ﬂ?

>

has

W7 FIAGEI T R T TG

35



2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

H3-11
BRI EN Sr(Ceo 62r04)o 8Yo. 2036~§U§ AEFEY

';_T_,?i‘l’i”l‘ HALP 2T kP S i \mﬁ “EMmESNFAeA E RS
Yen-Jiun Chiang?, I-Ming Hung?", Jing-Chi L|n3, Sheng-Wei Lee3 Shian—Ching Cheng?, Reng-Kuei Chang?,
Chih-Shiung Hsu*, Chiuan Lee®
LA+ 8 PRI EHPEHEEE B4
ZAAE 1Rl E L KR
Wz P & A F PR e B KR
TR A F HEPE R KR
SRR ifﬁ'%gﬁl AE KPR
*Email : imhung@saturn.yzu.edu.tw
FHIRF %5l - MOST 104-3113-E-008-003

#&

AFTHANME A YIBRAFHAE Cet o ZM R L F A REER Y 2 > U3 F SrCeOs 2 W F -
BT R ’f"‘ﬁ’x EDTA ??;‘ T N Sr(Ceo_eZro,4)o_8Yo,203-6 R RIERSZ W % “ XRD »~#7.% % H 23)%}/‘]“1& +
@*#*&jﬂﬁ%“ﬁ&@@;%ﬁ% ) LU %*ﬁﬂw’%"$ﬂuﬂ¢*ﬂﬂfﬂ

ﬂ%i_}%’%oﬁ/}*ﬁ—“’-%&?—r 1 Y3+B&l‘ce4+5 7Zrt MJ%, m—%B&]—l‘,ﬁ]% m—% 7\?!'%"3_‘,{': fgf}gv 3 G\-é,—‘
IR P ’wﬁmnii—it’§iﬂ‘°%#fi"900°CB$$i % g% 00121 Slem e L EHE R T F F 5 ¢ A E
(550 600°0) £ F 5 TR G BB R SRS E A SRR F T R § e § R

0 R F ik rﬁ%—‘"#ﬂ T x

4 ﬁ%ﬁ&rﬁ*fGOOOCw’L_rgzn_q_éfeffé?s—r’$réﬁ—‘+m§lrv—:ﬁ&
39 ehie £ (TR R @ﬁiéﬂ%ﬁiﬁi%%i" BT
dEgiE

< o Sr(CeosZro4)osY020s5 M 7 Ir 3k 1T & T #1iR| 19 2
5 1.6 mlimin-cm? > Ap ot da b5 @ L 5 B R

Witd . FEIYFFEMW - & FF QB R E7EEDTA 57 £

BERE N FGERR P
Fﬁfiﬁfg 1. 5 = é 2,3*

TR S S BT gk sy g
R A AP 1S Kk
S AL HER AR SRS G EY SR S (&
*Email : wttsai@mail.ncku.edu.tw
PR F %% NSC 102-2221-E-006 -159 -MY2

. 4

AFT ERRFEALEFAS AT BARZELH VRT3 RiEi2T4ELD L A(LIAIHYA & £ %
“#mi$ﬁkﬁé°_#ﬂm4miﬂ’@ﬂﬁg CARRSR T R R e S E o R SR T
CF A A X RS R E A AT 0 ARG F RO R o FoRE S AT 0 d MR T e
Téqi OB F 2 oo Ft ERITPEL At et R ARG AR o K F R AR T 200 TR Bdrdla

IR EET 050 r4EE (V40 1A 55 MBI > B2 2230 FAhE § 0 A 9 FH- B RS R
IEJ;.%]Fﬁ;! B A2t 2R ARR O BT TR A T L FAS T Hkd a2 TR R
AT R hE § BRI S .

w

heay

%11

2 iy

Witz o 454 1 48(LIAHG) ~ 2 d 4 ~ i B R -~ Hi iF F

36



2015 % L BRI BT SR E TR B SN RE § & § —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015
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Nano-carbon material assisted dehydrogenation behavior of sodium alanate

Shih-Jei Hu!, Cheng-Hong Chen?, and Wen-Ta Tsai?®*
! Master in Department of Materials Science and Engineering, National Cheng Kung University, Tainan 701, TAIWAN
2Master in Department of Materials Science and Engineering, National Cheng Kung University, Tainan 701, TAIWAN
3 Professor in Research Center for Energy Technology and Strategy, National Cheng Kung University, Tainan TAIWAN
*Email: wttsai@mail.ncku.edu.tw
MOST Project No.: NSC 102-2221-E-006-159-MY 2

Abstract

In this study, the roles of multi-walled carbon nanotubes (MWCNTS), graphene nanoplatelets (GnP) and fullerene
(Ceo) addition on the dehydrogenation reaction of sodium alanate (NaAlH4) are investigated and compared. Thermal
gravimetric analysis (TGA) was employed to determine the amount of hydrogen desorption and the on-set of
dehydrogenation temperature. The reaction mechanism of Ce/ NaAlH4 during heating was analyzed by employing
in-situ synchrotron X-ray diffraction (XRD) technique. The TGA results showed that at 15 wt% addition, Cgo Was more
effective in catalyzing hydrogen desorption reaction from NaAlH4, as compared with MWCNTSs and graphene. The
electron affinity of different carbon materials played important role for H-removal and the corresponding
dehydrogenation reaction. The in-situ synchrotron XRD results indicated that Cgo participated in the dehydrogenation
reaction, which altered the reaction path of pure NaAlH4. The order of catalytic ability of three types of nano-carbon
materials was: Ceo>MWCNTs=GnP.

Keywords - Sodium alanate, multi-walled carbon nanotubes, graphene, dehydrogenation, in-situ synchrotron XRD
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F1-08
Electrochemically Tuneable Hydrogen Generation from Sodium Borohydride with

Functionalized Carbon Nanostructure Electrode
Lung-Hao Hu **, Rishi Raj 2
1 Assistant Professor in Department of Mechanical Engineering, Southern Taiwan University of Science and
Technology, Taiwan
2Professor in Department of Mechanical Engineering, University of Colorado Boulder, U.S
“Email: lunghhu@mail stust.edu.tw

Abstract

A novel multilayer carbon nanostructure catalyst (MCNC), composed of carbon fiber substrate (CF), carbon
nanotube (CNT) film, silicon carbonitride (SiCN) layer derived from a liquid based polymeric precursor (Ceraset) and
precious metal dispersions (Pt/Pd/Ru), has been developed in this work with the aim to be used as the electrode for
decomposing water into hydrogen. The ternary Pt/Pd/Ru catalysts are deposited on a thin coating of SiCN
functionalized carbon nanotube electrophoretically deposited (EPD) on carbon fiber substrate. The silicon carbonitride
layer makes the silicon-transition metal bond form a sub-nanometric layer of metal catalyst to increase the
surface-to-volume ratio. Sodium borohydride, NaBH., solution spontaneously reacts with MCNC to generate hydrogen
in a very fast rate depending on its concentrations. The ternary catalyst shows a higher generation rate compared to the
binary and single catalytic systems already prepared with the same synthetic procedure. The reaction mechanism and
the catalyst efficiency have been described in terms of the reaction pattern that involves an electric charge transfer, due
to the negative charge on the BH,4 ion that is transferred with one hydrogen atom via SICN/CNT structure, ensuring the
generation rate increase. As an electrical potential is applied between two MCNC electrodes in sodium borohydride
electrolyte, the generation rate of hydrogen can be tuned by the applied potential. When the concentration of NaBH, is
much diluted, this electrolytic and hydrolytic reaction obeys the Faraday’s law. Due to diluted solution, the reaction of
hydrogen generation is dominated by electrolytic reaction that can be decomposed at a very low potential ~0.5V. This
result indicates that the band gap of the semiconductive MCNC electrode can be lowered by the applied potential. The
figure-of-merit of the electrolytic-hydrolytic reaction with a low applied potential can achieve 4600 L min-t [NaBH4]*!
g metar’. The MCNC electrode is sturdy and re-useable by alcohol rinsing and dry after reaction.

Keywords - Hydrogen generation, sodium borohydride, carbon nanotube, figure-of-merit, Silicon Carbonitride
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F1-09
Electroplating of Iron into Porous Nickel as the Substrates for SOFCs fabricated by
Atmospheric Plasma Spraying

Ming-Hsiu Wu", C. S. Hwang?, C. H. Tsai®, C.L. Chang?, S.F. Yang®, D.R. Hwang*
IR&D associate developer, in Physics Division, Institute of Nuclear Energy Research, Taiwan
ZResearch fellow, in Physics Division, Institute of Nuclear Energy Research, Taiwan
SAssociate developer, in Physics Division, Institute of Nuclear Energy Research, Taiwan
4 R&D assistant developer, in Physics Division, Institute of Nuclear Energy Research, Taiwan
“Email: Hugh1983@iner.gov.tw

Abstract

Porous nickel alloy sheets were developed for substrates of the metal-supported solid oxide Fuel cells prepared by
atmospheric plasma spraying. In order to increase the mechanical strength of nickel and to reduce its thermal expansion
at elevated temperatures, 10 wt% iron was added into nickel by electroplating method instead of powder metallurgy.
The electrolyte used for the electroplating was 0.4 M FeCl, solution with 40 g/L boric acid. During the electroplating,
the applied current density was 2 mA/cm?, and the rate of weight gaining was 0.3 g/hr. After the electroplating of iron
and alloying of iron/nickel at high temperature (~1350°C) under reduced atmosphere, different functional layers
(NiO-YSZ, NiO-LDC(C60,55Lao,4502.5), SDC(Smo_15C90,8503.5), LSGM(Lao,gsro,zeao_sMgo,zo3.5), LDC and
LSCo(Lag6Sro4Co0s.5)) of SOFCs were grown by atmospheric plasma spraying. The current-voltage-power and AC
impedance results of the prepared cell measured from 650 °C to 750 °C were presented.

Keywords - Electroplating, Metal-supported, Atmospheric Plasma Spraying, and Solid Oxide Fuel Cells.

F1-10
A Novel Double-layer Anode Structure for Improving the Redox Stability of Metal-Supported
Solid Oxide Fuel Cells

Chun-Huang Tsai'", Chang-Shing Hwang?, Chun-Liang Chang?®, Sheng-Fu Yang?,
Te-Jung Hwang* and Ming-Hsiu Wu?

!Associate developer, in Physics Division, Institute of Nuclear Energy Research, Taiwan
ZResearch fellow, in Physics Division, Institute of Nuclear Energy Research, Taiwan
3Associate developer, in Physics Division, Institute of Nuclear Energy Research, Taiwan
4 R&D assistant developer, in Physics Division, Institute of Nuclear Energy Research, Taiwan
“Email: tsaich@iner.gov.tw

Abstract

The metal-supported solid oxide fuel cells with double-layer anode structure consisting of porous nickel-iron as an
metal-support, an Lag75Sr0.25CrosMnosOs.5 (LSCM) as first anode layer, an nano-structured CegssLag4s03.5 (LDC)/Ni as
second anode layer, LDC as an anode interlayer, LaosSro2GapsMgo20s5 (LSGM) as an electrolyte,
LSGM/LagssSro.4C0o.2Fe0 8035 (LSCF) as a cathode interlayer and LSCF as a cathode current collector are prepared by
atmospheric plasma spraying (APS). The obtained cell with an effective electrode area of 81 cm? delivers excellent
power output with maximum power densities of 543, 480, 352 and 214 mW cm at 800, 750, 700 and 650°C,
respectively. The durability test of the cell shows a degradation rate of about 2.2 % kh™ over 3700 hours at the test
conditions of 400 mA cm™ constant current density and 700°C. The effect of redox cycling on cell performance is
also investigated by alternately the anode to hydrogen and air atmospheres with re-oxidation times of 1, 2 and 4 hours
after 3700 hours durability test . The cell has good tolerance toward the redox phenomenon with no apparent
degradation in its performance after redox cycles with re-oxidation times of 1hour and 2 hours. The OCV and maximum
power density only decreased by 0.5% and 6.6% after redox cycles with re-oxidation times of 4 hours. Results
demonstrate the success of APS technology for fabricating the high robustness and redox-stability of metal-supported
solid oxide fuel cells.

Keywords - Solid Oxide Fuel Cells, Redox Cycle, Atmospheric Plasma Spraying, Metal-Supported
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F1-12
Performance and durability evaluation of the solid oxide fuel cell with Composite Cathode

Chun-Yen Yeh?, Tai-Nan Lin%", Wei-Xin Kao!, Hong-Yi Kuo', Ming-Wei Liao?,
Yu-Ming Chen?, Jen-Yuan Kuo?
!Assistant Engineer in Nuclear Fuels and Materials Division
2Assistant Researcher in Chemical Engineering Division
Institute of Nuclear Energy Research Atomic Energy Council, R.O.C
“Email: jmsleaf@iner.gov.tw/tnlin@iner.gov.tw

Abstract

In this study, a flat anode-supported solid oxide fuel cell was fabricated with commercial size of 10 x 10 cm? and the
cell performance behavior was investigated with a series of electrochemical property measurements. The single cell was
constructed with a porous NiO-YSZ anode substrate, an airtight YSZ electrolyte layer which was spin-coated on anode
substrate, screen-printed YSZ-LSM barrier and LSM cathode layers. The cross-sectional SEM images showed that each
layer was clearly distinguishable with good interfacial contact. The thicknesses of the NiO-YSZ anode, YSZ electrolyte
and YSZ-LSM /LSM composite cathode were about 550 um, 8 um and 12/22 um, respectively. The maximum power
density reached ~355 mW/cm? at 800 °C and the reaction gases were pure H; as the fuel gas and air as the oxidant.
According to the impedance spectra, the total ohmic resistances were 1.07, 0.81 and 0.57 Q-cm2, while the total
electrode polarization resistances were 3.16, 2.21 and 1.34 Q-cm? at 700, 750 and 800 °C, respectively. The cell was
operated at 300 mA/cm? to evaluate the long-term durability. It exhibited good stability with no degradation for over
200-hours operation. The cell was proved to be commercially available with good electrochemical performance.

Keywords - solid oxide fuel cell, electrochemical property, composite cathode, ohmic resistance

50


mailto:pjchu@cc.ncu.edu.tw

2015 % - B 2 WE s TS B B - B SN RS § & € —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

F1-13
AR 5}1 & A2 4 1% BapsSrosCoosFeo203-6 '?,‘Pc 2 y 24
Wg;ﬂﬂ\:%l ‘@KT‘ z\ﬂ,ﬁaﬁ-3
AR S LS L R L P
AR S L LR L P
Wz AP AEHPPER 125 ) k#
“Email : renewsv173@gmail.com
PRt 4 %5l - MOST 104-3113-E-008-003
# &

Bao5SrosC00.8F€0203.5(BSCF5582) pt fi #1442 & o 4+ 1T + 2 3+ Wi, FiTE KA F 715w (Oxygen
transport membrane) * % § % § b L - A S SR B S 0 T RS B LI 6
MoEa kR FHMTE T - IO EHWURFEES RopM > AEBAR IO o R
AR AR T 0 B A ARG RS AR A S 82 SRR R R - A
e 'j]%q‘?t'l‘i; % 1% BaosSrosCoogFeo20s.6 F A4 E 0> e d *tpt i fy ¢ e Ba?* 2 Sr¥* g+ a-k? B3 490 F m
2 = Ba(OH); # Sr(OH)z s » dept § 0 5097 B :}]ﬁ]m'r} T 2q|d el 2 shfn FI Ay
P LR E 3 SRR e B (TR iR A ﬁ‘*"’-ﬂjﬁ‘f—' BRI AIEWE 7 B 80%F T R = F R D
BaosSrosC0osFe0 2035 F A4 35 4] » SR & 17 #H = 11.5mm > & 0.9mm > & 70.7mm s 55 E kg R o

HEEF . /J_;ﬁd'jy » BagsSrosCoo.sFep203. 5

F1-14
BREFFAHFRHEISEF iﬂﬁi‘{% B pg 5
FERL 2 U AR
1715\37—‘ B8 1 frer ﬁigiﬂf i ’Eﬂzﬂi
2 ;\,%a»"—’: B8 ﬁi—';f’ﬁ?f—'ﬁi%‘fpi“ ST Fedh
“Email : s1035216@mail.yzu.edu.tw
#&

F WAk (Gas Diffusion Layer, GDL) & & & chjff 42k » 7 R E § fr¥ §F 59323 Hici 45 > 2
S HEEITTFBEE IO AR T F MBI ER R TS DR EF AR S

G AR 5 2k GDL _'rhf( Aqe @ # (Sigracet 35BC ~ Cetech GDS- 230 Cetech GDS 340 ~ Cetech
WO0S1-1002 ~ Cetech W1S1-1005) i& {7 & fé%@«? | RRE F- e E % SEM Bid &5 2 HE R &P
BEAR 254 TP HAAY - FRIPIT 5 0NA L RFRFERFRSF LI RAN L = %‘ R
RRE RIS - ARRL 2 /EJ Z_~ FE- SEM S T ﬁ;ﬁ- o FZ A H L T AREE ST & 2 (Membrane
Electrode Assembly, MEA)%Q# T H TR Rl 45 GDL &2 R 8 skt B o

% 160 C&7H 7 Bl 5*’5@; 55 4%»%1ma{fgﬁw Y J "Hﬂf c T E i S T 2 GDL &

3%&1"’;’,—: ’ _g__,)g e iF BTy o

Wi © f WAk ~ #74T 4 - PBI

51



2015 % - B 2 WE s TS B B - B SN RS § & € —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

F1-15
REL=Z BHRBRBHERPETA 2 ERRFLAREETFA Y
hzam s Appfnls @ 27
PR LR P B R G LR R
R LEAREAEHHEAE S 2E ki
“Email : sschen@nfu.edu.tw
#&

AT LI R RIRF AT AP o R b AR HApM BTN o L & £ h
i e 3-D el BHREE T BB FHETLF e F LB TH - FREIADEILLLT R
B AP RS FEHLETF AL WA TR EERE EFE TS 2 IVE IPYSRPER o d §EHES
BT A EETHE A S FhmE 514“‘73*1 FALgon G amBER D BT M4 At r i ET G %%\3?
R R h@m&i FOPB RS e B BRI HRBE G LR
% > P ETHRE W 2 E S ° d LA B TP - & i .f’:'a‘...‘aﬁ'.;.LHE,‘“?’h‘ P EAvt A W Hi‘ghﬁ;‘(‘gé«’ﬂl
BT i f 4 o PR A PR A - %%ﬁ~ﬁ@%ﬂ¢%wm Aotk o RFFG LR RS HA:
BRG 20m 2 = MR AR T S AL B AT R 0340V iz v B Rl E R ¢ 5 %A 5 850.689
mW/cm? o

et @ ppigx - 2 LR - = R

F1-16
Re® SR EFT AERA T 2 PUPYPBI A 5-RL %
Buipt B3R MmAR 2 £3403
LA R a YRR E L B2
PAFAEE I BAHPPEEY 0
7.,53"« g it %1 Ao s ,figp i ,j :%dm
“Email: bigpgod@gmail.com

#&

A ? > LM 26 e o T Op (2,6-pyridinedicarboxylic acid; PyDA) £ 33°- - e i 5 ¥ ok
(3,3’-diaminobenzidine; DAB) = f&é ¥ #45{-% & # s & = PyPBl - B % - ® gt (isophthalic acid; IPA) £ DAB
s EEMEE PBl-

#el ez - B ¥ ¥k ek (pyridine-polybenzimidazole) % i “*’E‘:‘\f RE o RRPWAS %G - K PyPBl &
B > L 4v » HoPtClg - 6H20 4 Pt* g3 A4t :R >t PyPBl & £ & - @& PUPyPBI jf 4 -

#- P/PYPBI 422 polyben2|m|dazole (PBI) ~ LiCl 2 = ® & @ fgrc (DMAC) & é;‘% RO RTEF UG
ick » ©2& PBI/H3PO,4 "iﬁ@l% FR e (MEA) B* %8 (120-190 C) -+ L #uonfl T o

AT LR FENEE PyPBI R BRI PUHF R T :vath/PyPBI ﬁa&#@-% REES
Q#:%’Jilffﬂ T (Temperture>160 C,0%RH) &7 BB i o

Bae - 7 I PERPL S e R F Hoped  RF Lo es

52


../../../../../Users/ETL/AppData/Roaming/Microsoft/Word/sschen@nfu.edu.tw

2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

F1-17
Ni- BaossrozceoezrozYozosaf%’FE'_F B HETF RHAFALT CF P

Ib-»? -’55
HFyud L 2 25l ,gg;rﬁ*gs\ B g LN S LU S SN S
g’xr‘ai’ze
TRz LA B e E ey L4
PRI LS BRI e AL
SR LA B pEE e e B LT R
MR S R 2ol e s
BRI § SR L S (&
R A PP T 2 kK
“Email : jscjang@ncu.edu.tw
PRt 4 %5l - MOST 104-3113-E-008-003

# &

I AEF B2 AEAE 2R NO 7 £ 2 Ni-BagsSro2CeosZro2Yo203s B & # 42 » & NiO
BaosSro2CeosZro2Y02035 = i» ¥ 35 &F £ fi Biape » 483372 F NO 7 £ 2 Ni-BagsSro2CeosZro2Y020s.5
(NiO55 ~ NiO60 f= NiO65) ¥ t&4:#L & H *vi’é*#— C A FET S HES @%l‘“'] ”J"f' PR BT Xk
Y5 %k (XRD) ~ # 45 5% T F BACHL(SEM) ~ BET »t £ 6 ff 2 2 3 BhsS 47 & R A BT H W E ﬁu 2% A5
)‘%’]’ﬁl"‘ o e HT e F5d 27 2349 # NiO55 - NiO60 4= NiOG65 f %’fﬁﬁ‘}lﬁ’ T fF ?’T*" 1450 °C £ '&

A | ESBEL TS o EMPLRENL DS Ve E R iR SR RITTRTEBIEA R L B
P E BT s A anE B M aETF o NiO60 H 4114 2800 °C & F 58 # F % & 169.2 (MW/cm?) 2 2 §.

SRR R 6.94 m?/g -

e

Wit @ FEF P FRHETS A a s BT S

F1-18
O RUET ST S TS A R AR AR TS R
Fra’ - HkFE2-mB R gLz
RS S SR L P (S
SO B & R R X S A
S Ly RIEASIHEEE T AR
TR L AFREE ) s
“Email : cjtseng@ncu.edu.tw
FH IR F W5l - MOST 104-2221-E-008-118-MY3

F&

el B4 Hophe s o map R S & v § B, «U§l%ﬁ§ﬁ¥% eI | #* 54}, B 1% RS 3
- MR TR TR ARG TR DR IT A 2 %.’r—* %#J%" ORI A S *Hﬁr E
m?i ﬁ* -

=5 &+t 4% % (Pulsed Laser Deposition, PLD) 5 — 4 32 3¢ ;n‘&;‘; CHRFERIEL AT HFEHEAL D

i“fa‘”" JIH‘EU N (TR - ERL A VA I S T ] ) Iﬁim#i]“* CACN R SRS I e ”"’th
P ST R TR E R L 0 935 R IR ;"_9 Bl AL HEe e AR KR B de
m% X EF BAMFRRUEL BRI TR X DRBFL > T UG ERFOEH{IT S LR T
LA AL 0 3T A MEA -
AR R G S WIT AT S B R 0 hsar £ 5 2Spg/em® B0 T AL TR 0.6V
= J136Alcm2 R R R BN B E 28, Mimﬁﬁ&i Jﬂfm * £ 4 200 pg/em? > J‘w“;*;i{céjﬁvﬁ;f{%_
b 7 o % & (Mass Specific Power Density, MSPD) » PLD #® # ek &5 3 * $ &0 10 B > @ £ M4n i@ * £ 3] 13
pglem? o AT 0L & 0.6V nf 4T B 103 A o H 3 o é;ﬁ mAE T # i 47.6 KW/g-Pt o & 2% PLD
Gl BRI § MY hipE et BT F R T U RRIRN  HF e BREFE
TS B ﬁ:»ﬁ“ni* s fd o o L FlAept § Off St o

'\\’\"ﬂm{
T &
o

)

BeEF o BT H S BRI R R PR FRE

53


mailto:cjtseng@ncu.edu.tw

2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

F1-19
fﬁ-féiﬁ»‘}*\‘ﬂ]iﬁiﬁﬁ?—r X Fe LR }’*m—.\P
wz17 NS SN ¥ SN
LR F R Ak R
2> filiovfia}i% BHimIAEs B4
*Email : chc@nfu.edu.tw
&

AETF 2 150°C 2 A A1 B & 100Kg/em? 2o & AR 4 > rﬂﬁzﬁ*ﬁw* 20%% % % 80%% A iR fris o FR A
A 20em® % & 2g/em® 2 H T T E o ) gk T T4 1 R RIRE WA R o B SRR e
B IERETE O RF ﬂfr%.‘“* HE AL T 2 B e 2'“*?565# HERTEEEAGRT o R RI

A ESPT A RFETRERIBELIT FHRES Liﬁﬁi?&%“;lOmmmvwiT v BT (F S e M R
':‘;:]/\'B i@ ~-~?‘:‘f§—m£i/ﬁ‘» ’—'//WLE: v R R [ e 2 E T2t e @ de%,,. /7'?/’« HERET s R lﬁzfaﬁi/fi\%’]@;'}tﬁ_
SRR A E D B AR RR R S R E D R

(T L R AR P

F1-20
MRS RPH T R g L P
PG BT 2 e Y et
TR L F R REs T g e 52
R L B RE T O AT T R
“Email : d973020003@student.nsysu.edu.tw
7}%1:%?%.&&:%& : MOST 103-2221-E-110-072

#&

AFLIRP I U R B 2 R OEOERE DA A S AR R TR T ]
T N O YN P T %F”ﬂ%ﬁmgﬁﬁ”"
ARG A o P R RA o R R G RS 27% TR b B S 17.42% -

fEF T FRBELFIE S F ORGSR s F R

54



2015 % L E 2RE S E R T A B 6 TE DK SAN RS € & ¢ —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

F1-21
IrO./rGO B 484 & fi 42 -k T f32cit = %

RV E S A ¥ SRR
T E L PR SR K
IR L X F R feYr AT A
WY LA F PEaegl Fyd
CRE AR PRI fo

*Email : ziv810224@gmail.com

#E

TFEICEIHBRBE AL R S BARE BB i AR R - > AFE S AL 2P > H P XU
ﬁis‘;%ﬁﬂk?ﬁﬁ"aﬁ.?ﬁﬁ PR HERR "’wi;ii‘rh”‘ i o

A PRk rsk IrO/RGO 4> ¥ i¢ * Raman~XRDTEM-~EDS % i& {7 ff 4+ #4514 47 o

ﬁi’!&frt %k@l»#* S dEd R, T % m%ﬂxfm TR S Sl 3 A B RS T 8 LSV
EIS % 2 F¥ B W 2

FohFEHT o BRI GFE30uL T o FF RIS G H oA B0 > g 250rpm T G B AR o W F S
i R o 4o R F B 4eAB% > g h 2 layer 4 F B AR o B NEF 1 1T T AR A e AL 2 X G 3 4o AR
R Bodbd £ A 4 4 2000rpm T o

‘3H-

L
54

Wet? = iigr f#F e § 0B R 7 EHRGO)

F1-22
B4R R
FIB Y A3 7tk !
N ATE ERCTRTTERY F )
2AFA B E 1 AR EPES kKt
“E-mail: james755151@gmail.com

2
* PTFE/Nafion #4F & -2 3 3 % R » WS #1402 PTFE/Nafion 45 &% # >0 34 A MRAE R

BT FILSORERFTF BEZ 6 B Mo fI* SiO (s Rt 4 o2 Pt ¥ B3 » W) o Hp &2 Op T
b s HOo» ri 3% B W M ARSHR R ch 7 R 4 BN R fae o AR Y A %] & PTFE/Nafion 47 & 5+ < #0
PRI ES N IAEEZ LS PSIO - FH A R EATHE T A N cBEA 80 C 2 2 FiBAEZ HJO, F &
F 2 PtSIO 2 & B MAF PN TR A NIRBRR A B A TN cAER 5 C 22 FIRR
2 HofO; F 5 %8> d 20k 13 4 i 5 0 Pt-SiO, 43 & % 3Y4F & fwﬁ‘]“;’}ﬁ"*? FFEEr B2 S agrk s B0
BRI G oo

BeEF @ FHB S FFRRBHBPETS  HBR

55


mailto:ziv810224@gmail.com

2015 % - B 2 WE s TS B B - B SN RS § & € —HEFC2015
2015 The 10" National Conference on Hydrogen Energy and Fuel Cell, The 2" Taiwan Energy Association Annual Meeting—HEFC2015

F1-23
Synthesis of Polyaniline/C Supported Iron in Chemical Oxidative Polymerization for PEMFC
Cathode Catalyst

Chia-Chi Liu(%¥12=3%)%, Vuri Ayu Setyowatia?, Hsin-Chih Huang($ f #)?, Chen-Hao Wang(2 7 % )%"
!Master student in department of Materials Science and Engineering, National Taiwan University of Science and
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Abstract

The non-precious metal catalyst (NPMC) by using transition metal with nitrogen-doped carbon material shows
the good activity of oxygen reduction reaction (ORR), which has the opportunity to replace the high-cost platinum
catalyst in the proton exchange membrane fuel cell (PEMFC) in the recent studies. In this study, aniline hydrochloride
was used as nitrogen source and XC72 was used as carbon support source during polymerization. During sample
preparation, catalysts were pyrolyzed by different temperature for getting enhanced activity. The highest ORR activity
was obtained by pyrolysis at 700°C. Furthermore, we have to consider the optimum amount of nitrogen and carbon
supported catalyst

The prepared catalyst are then treated at temperature of 700°C,800°C,900°C . The results show that the catalyst
with Fe loading of 7 wt. % obtained via heat-treatment of the Fe-PANI/C (mole ratio of PANI/C is 1:1) at 700°C is the
most active ORR catalyst. The overall electron transfer number for the catalyzed ORR is determined to be 3.99. XPS
analysis confirms the nitrogen content and functional groups for improving ORR activity. The quaternary N about
57.73% is the main content instead of pyrolic N, pyridinic N, and cyanide. The changing of iron coordination symmetry
can be detected by variation pre-edge intensity based on XANES curves and iron oxidation states remain as Fe3* after
pyrolysis. This result confirms that FeCl;.6H,O-PANI/C catalyst is applicable for cathode catalyst fuel cell.

Keyword: ORR activity, Quaternary N, iron supported catalyst, nitrogen functional group
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Electrochemical Properties of PtPd/C Nanocatalysts toward Methanol Oxidation Reaction
and Oxygen Reduction Reaction in Alkaline Solution
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! Student in Institute of Materials Science and Engineering, National Central University, Taiwan
2Professor in Institute of Materials Science and Engineering, National Central University, Taiwan
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Abstract

In order to prepare highly effective electrocatalysts for methanol oxidation reaction (MOR) and oxygen reduction
reaction (ORR) in alkaline solution, , a series of binary PtPd/C nanocatalysts with core/shell structure are prepared via
formic acid reduction method. In a typical synthesis, carbon clack were dispersed in the solution, and added to the
aqueous solution of H,PtCls and formic acid at 15 or 30 °C. The solution were first reduced by formic acid for 24 or 72
hours, and then the PdClI, are reduced by formic acid for another 48 hours. The electrochemical MOR and ORR
activities, structures, morphologies and surface species of the prepared Pt core/Pd shell catalysts are analyzed by cyclic
voltammetry, rotating disc, X-ray diffraction (XRD), high resolution transmission electron microscopy and
temperature-programmed reduction, respectively. Although the PtPd nanocatalysts with core/shell structure, the XRD
patterns show that only one set of diffraction peaks is noted with a grain size about 15 nm. It is observed that catalysts
prepared at shorter growth times and lower growth temperatures can have better MOR and ORR activities. The max
current density of MOR for PtPd/C nanocatalyst reacting for 24 hours at 15 °C (PtPd-A) is about 1.5 times higher than
that of the one reacting for 72 hours at 30 °C (PtPd-B). On the other hand, the ORR results demonstrate that the mass
activity at 0.05 V vs normal hydrogen electrode of PtPd-A is about 1.8 higher than that of the PtPd-B. It is proposed that
the MOR and ORR activity enhancement of PtPd/C nanocatalysts can be contributed to the structural and surface
effects.

Keywords - PtPd catalysts, methanol oxidation reaction (MOR), oxygen reduction reaction (ORR), alkaline solution,
core/shell structure.
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F3-02
Material and Energy Balance of Hydrogen Feed 1 kW SOFC Power Unit
- influence of operating parameter on the power unit performanc

Kan-Lin Hsueh™?", Fu-Pin Ting?, Yu-Ching Chang?, Jar-Lu Huang?*, Ya-Tang Cheng?®, and Wen-Sheng Chang®
tAssociate Professor, National United University, Miaoli, Taiwan 36063
2Consultant, Industrial Technology Research Institute, Hsinchu, Taiwan 31040
3Researcher, Asia Hydrogen Energy, Hsinchu, Taiwan 30844
“Engineer, Industrial Technology Research Institute, Hsinchu, Taiwan 31040
SEngineer, Taiwan Power Company, Taipei, Taiwan 23847
®Manager, Industrial Technology Research Institute, Hsinchu, Taiwan 31040
“Email: KanLinHsueh@itri.org.tw
ITRI Project No.: E401DA1100
Abstract
High chemical to electric energy conversion efficiency and ease capture of carbon dioxide makes solid oxide fuel
cell (SOFC) very attractive for distributed power generation using natural gas, syngas, biofuel, and methanol as the fuel.
A 1 kW hydrogen fueled prototype SOFC power unit was built by ITRI and Asia Hydrogen Energy. A mathematic
model of this power unit was built based on material and energy balance. The calculation results were validated with the
experimental data. Characteristics of this power system were studied by changing operation parameters. Optimization of
operating parameter was carried out. This model will be used for chemical looping coupled with SOFC power plant.

Keywords - Solid Oxide Fuel Cell, Material Balance, Energy Balance, Optimization
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F3-04
Cell and Stack Tests at INER

Yung-Neng Cheng®”, Szu-Han Wu?, Jing-Kai Lin? and Ruey-Yi Lee?
!Associate Researcher in Nuclear Fuels and Materials Division, Institute of Nuclear Energy Research
2Engineer in Nuclear Fuels and Materials Division, Institute of Nuclear Energy Research
3Researcher in Nuclear Fuels and Materials Division, Institute of Nuclear Energy Research
“Email: yncheng@iner.gov.tw

Abstract

The Institute of Nuclear Energy Research has committed to developing the planar SOFC technology for a decade
and established facilities and standard procedures for the cell and stack tests. Successive performance tests have been
conducted and carried out for commercial and home-made cells. Findings and observations are briefly summarized as
follow: (1). the open circuit voltage (OCV) is normally higher in the stack test than that of the cell test because of
different sealed schemes; (2). local power density is quite different in the central and outer region of a cell while the gas
flow is annularly distributed; (3). consistent and repeatable results are achieved for numerous stack tests. In a 30-cell
stack test, the average cell voltage for each cell is 90319 mV while the stack power output is 1092 W.

Keywords - SOFC, Cell, Stack and Performance
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Optimal Analysis of P-SOFC Hybrid System with Anode Gas Recycling Fueled by Different
Biofuels

Sasmoko®”, Chung-Jen Tseng?
IStudent in Department of Mechanical Engineering, National Central University, Taiwan
2 Professor in Department of Mechanical Engineering, National Central University, Taiwan
*Email: sasmoko@ymail.com

Abstract

In this article, a hybrid system containing proton solid oxide fuel cell (P-SOFC) combined with micro gas turbine
(MGT) with anode gas recycling fueled by ethanol or methanol is investigated to increase efficiency of power system.
The hybrid system consists of a P-SOFC, a MGT, a compressor, a burner, a external steam reformer, and heat
exchangers. The influence of several effective parameters (such as anode gas recycling bypass ratio, fuel utilization, and
pressure) are determined. The results show that as bypass ratio, fuel utilization and pressure increase, the power system
increases. Also, the result indicated that an overall CHP efficiency of is about 87.6% for methanol and 74.99% for
ethanol. Finally, the optimum bypass ratio, fuel utilization and pressure are determined as 0.875, 0.87 and 3 bar,
respectively.

Keywords - P-SOFC, Hybrid System, Anode Recycling, Biofuels.
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The Hybrid Proton-Conducting Solid Oxide Fuel Cell (pSOFC) and Micro Gas Turbine
(MGT) Systems Analysis and Simulation

Pranoto-Bayu®”, Chung-Jen Tseng?
1Student in Department of Mechanical Engineering, National Central University, Taiwan
2Professor in Department of Mechanical Engineering, National Central University, Taiwan
“Email: bayupranoto08@yahoo.com

Abstract

PSOFC and MGT are of outstanding hybrid system nowadays. The model used in this research is one example
development of some previous research. Therefore, the performance of the system is analyzed by using
Matlab/Simulink/Thermolib. Pressure effect, Steam to Carbon Ratio (S/C), and Fuel Utilization (Us) are applied to
analyze the performance of pSOFC-GT hybrid system model. The results show that the higher compressor will result in
the higher system efficiency, it can be achieved using appropriate values of design variables. Increasing S/C leads to
reduce Turbine Inlet Temperature (TIT) but increase the system efficiency. Increase fuel utilization will increase the TIT
as a result of raising the amount of unreacted fuel that reacts in combustor. Moreover, it will be increase the system
efficiency. This research will trigger for further development on pSOFC-MGT hybrid system configuration with high
performance.

Keywords - Proton-Conducting Solid Oxide Fuel Cell (pSOFC), Micro Gas Turbine (MGT), Matlab-Simulink, Hybrid
Power System
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F5-01
Study of Metal Bipolar Plate Characteristics for All Vanadium Redox Flow Battery

Feng-Jun Sun?, Kan-Lin Hsueh?", Ju-Shei Hung?, Chin-Lung Hsieh*
! Graduate Student, Department of Energy Engineering, National United University, Taiwan
2 Associate Professor, Department of Energy Engineering, National United University, Taiwan
3 Associate Professor, Department of Chemical Engineering, National United University, Taiwan
4 Researcher, Institute of Nuclear Energy Research, Taiwan
*Email: KanLinHsueh@hotmail.com
INER Project No.: NL1031128

Abstract

All-vanadium redox flow battery (VRFB) is one of the most promising energy storage system. Internal resistance
of the VRFB is an important factor affecting the efficiency of battery charge/discharge. Bipolar plate is the main
component of current collector that affects the internal resistance of VRFB. This study replaced the conventional
graphite bipolar plates by the metallic bipolar plate. Metal bipolar plate has good electrical conductivity and compact. It
can reduce the internal resistance and increase the volumetric power density of VRFB. However, metallic bipolar plate
has corrosion problem in VRFB where electrolyte is very acidic. Therefore, this study tested electrical conductivity and
corrosion resistance of various conductive adhesives coating. Result show that graphene thermosetting adhesive and
commercial graphite conductive adhesive had good performance among all the adhesives. Corrosion resistance of the
thermosetting adhesive containing 25% graphene was the best. This conductive adhesive was coated on the nickel plate
and their performance was tested by charge-discharge cycle, linear scan voltammetry and electrochemical impedance
spectroscopy. The charge/discharge efficiency is 66.8 % at current density of 40 mA/cm?. The volumetric power
density of this cell was estimated to be 20 W/L.

Keywords - Vanadium Redox Flow Battery, Metallic Bi-polar Plate, Conductive Adhesive

F5-02
Effects of Surface Modification on the Performance of Gas-generating Electrode

Mei-Jing Li*, Cain-Tung Lu?, Kan-Lin Hsueh®", Ju-Shei Hung*
! Graduate Student, Department of Energy Engineering, National United University, Taiwan
2 Post Doctor, Department of Energy Engineering, National United University, Taiwan
3 Associate Professor, Department of Energy Engineering, National United University, Taiwan
4 Associate Professor, Department of Chemical Engineering, National United University, Taiwan
“Email: KanLinHsueh@hotmail.com
MOST Project No.: MOST104-3113-E-194-002

Abstract

This study focused on the surface modification of an air electrode. It is used for the metal-air battery during charge
cycle where oxygen evolution reaction (OER) is taking place on the air electrode. Electrode surface was modified by
electrodeposition technique. Nickel sheet was used as the substrate. An array of round dots on the electrode was
produced by selective nickel deposition. This study evaluated the electrode properties and performance of this electrode
obtained at different electrodeposition conditions and geometries of round dots. The influences of electrodeposition
conditions, such as, Coulombs charge, current density, DC versus pulse were examined. The electrode properties were
evaluated by cyclic voltammetry (CV), linear voltage scanning method (LSV) and electrochemical impedance
spectroscopy (EIS). The result show that array of round dots on the nickel sheet surface did increasing the overall
surface area and lowering the over-potential of OER at low current density. At high current density, the OER
over-potential was dominated by the resistance of bubbles accumulated on the electrode surface. The OER
over-potential at high current density can be reduced by circulation of electrolyte through the electrode surface.

Keywords: Metal-Air Batteries, Electrolysis of Water, Surface Modification, Oxygen Evolution Reaction
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The Production of Fuel Gases by Direct Joule Heating of Carbon Element Submerged in
Alcohol
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Abstract

Alcohol molecules can be split into carbon, hydrogen and oxygen atoms by thermal decomposition at a very high
temperature, and these atoms can be chemically reformed with carbon atoms escaping from the heating element to
produce various fuel gases. In this work, the decomposition of alcohol molecules is made possible by the local high
temperature generated by direct Joule heating of a carbon element submerged in alcohol. The radiation spectrum of
heating element was measured and compared with radiation spectra from a black body at various temperatures to
accurately determine its local temperature which is around 2450°C. In this work, the gases produced in the order of
deceasing percentage are hydrogen (H), carbon monoxide (CO), methane (CH.), ethane (C;Hg), acetylene (C.H,),
ethane (C;Ha), and carbon dioxide (CO;). All the gases produced (except a small percentage of carbon dioxide) are
flammable fuels and can be utilized directly by feeding them into the existing natural gas network. Presumably, carbon
atoms detached from the heating element can react with hydrogen atoms to form hydrocarbons dissolved in alcohol. To
further study the possibility of the formation of hydrocarbons, a VIS spectrometer was used to measure the content of
residual liquid. It is found that the absorption spectrum below 300nm is very different from that of alcohol. In contrast,
this absorption spectrum is quite similar to that of arc discharge in benzene. This is a strong indication that
hydrocarbons of benzene-like structure were produced as the byproducts during the process of direct Joule heating of
carbon element in alcohol. Further study is required to unambiguously determine the exact chemical composition of
residual liquid.

Keywords - Direct Joule Heating, Molecule Decomposition, Chemical Reformation
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Coretronic

Powering the Green Future

] Smart Portable Fuel Cell

(e _\ a
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Advance Catalyst

- s Phase Il

- L\ Integrated fuel L B
——== : —p se I cartridge X = -
— N hase o

— .\ = Dual Reaction @

B == \ Complex Fuel

Water tank.

e Phasel Hm

-—_—-_ —

10.8wt.% |

Solid Fuel — _
Cdedd oot Bt ‘*»4,_5“.-1; 5 6.2 wt.'3/6 "“HE?_%:!L
450Wh/L .
300Wh/t_ _ 1200 WITREesS—
“~(Typel) (Type )

3.3wt.% (wt% H, of NaBH,) B~
250Wh/L (cartridge with water)

Coretronic Corporation (¥ 3& 56 & iy A R 9] )

http: //www.coretronic.com

No.11, Li Hsing Rd. Science Park, Hsinchu, Taiwan
TEL: +886-3-5772000,ext 5759, FAX: +886-3-5667374
Contact: CP. Wang(E 1 “F), cp.wang@coretronic.com
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Toplus Energy Corporation

Toplus Energy Fuel Cell Power Sy:

Toplus Energy, founded in 2008, with a headquarter in New Taipei City, Taiwan, is an innovator for Proton Exchange Membrane Fuel Cell power
to becoming a leading manufacturer in fuel cell. Our team is organized from ITRI-Industrial Technology Research Institute of Taiwan and has been
research and commercialization for more than 11 years.

-
Grid monitor

1
1
1
1
| Fuel Cell Power System

5KW stationary backup po!

-Toplus Energy fuel cell system provides v
output and configurations

-5kW fuel cell system are long duration
power supply, low maintenance cost, e
friendly, long life time, reliable, and low
ideal solutions for backup power applic.
-Designed for backup power applicatio

telecommunications, railroad signaling
radio site, disaster response and secur

Features

-Outputs: 0 to 5000W, 43.5-56.0V DC oL
(DC or AC is customizable available)

-Durable water cooling system
-UPS function and remote monitoring
-Fuel: Pure hydrogen, 99.995%

-Ambient temperature: -18 to 45 °C
(Altitude under 1500m)

-Zero polluted emission

Hydrogen Bundle No.1

e
i

RRUS gy = .

R

Remote Control system

Hydrogen Bundle N

Hydrogen Control No.2

Toplus Energy Corpol
Address: 657-10, Zh
New Taipei City, Tai
Tel: +886-2-2902-0980
Fax:+886-2-2901-93
Email:sales@toplus-
http://toplus-e.com.ty
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