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How do we meet to the shortage
of resources and energy?

O Saving+=-+* be patient

Be unbearable copes;

> limit the use of electricity

> “Fan yourself’ in summer

> “Put many clothes” in winter

> Inhibition of my car

> Inhibition of cell-phone
Self-control up to some level is valuable, but impossible to come
back to such an ancient life-style/

Be bearable copes;
> turn off it frequently
> reasonable aircon—temp.

> walk for a short distance
> Efficient use of battery

O Some solution can be found in the scientific
technology improving energy conversion efficiency, e.g.,
electric devices, motor vehicles, fuel cells and batterys

Establish the ways of energy saving & environmental protection/

Origins of the CO:z Exhaustion
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Total CO, Emissions: 23.6 billion tons
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Long term CO, Reduction Scenario

H CO, concentration level 450ppm (IPCC report)
= CO, reduction at 90% (vs 2000) from all new vehicles
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Electrification for CO2 Reduction

B Ultimate goal is Zero-Emission Vehicle and Clean Energy
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What is the Fuel Cells?

Invention by W. Grove (ssg, 28 years old)
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Grove's Experiment
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'Y ___Polymer Electrolyte Fuel Cell

Separator with ribs

Anodic reaction
H, = 2H* + 2e-

/ Porous CP >Anode

& Catalyst Layer

P PEM (ca.20 # m thickness) MEA
0.8 mm

(< 10 ¢ m thickness) Cathode)
¥~ porous CP
(ca.0.3mm thickness)

Cathodic Reaction
1/20, + 2H* + 2e" = H,O

Separator with ribs (ca2-3 mm thickness)

ﬁ ZH, ¥+ 0,=ZH,0

By continuous supply of fuel and
air, power generation continues.
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Ry Clean Energy Research Center Y

Clean Energy Research Center

The expanded Clean Energy Research Center was established in April 2001 to promote research on
clean energy for alleviating global energy and environmental problems. Prof. Masahiro Watanabe had engaged as the
head of the Center until March 2009, and Prof. Hiroyuki Uchida has succeeded until now.

The Center consists of the following two research divisions:

¢ Division of Fuel Cell Research
© Division of Solar Cells and Environmental Science

Research Items (Division of Fuel Cell Research)
-Catalysts for Fuel Reforming and Purification
=Highly-Active Anode/Cathode Alloy Catalysts
=New Polymer Electrolyte Membranes
- Catalysts Layers and MEAs
- Test Operation of PEFCs and DMFCs Clean Energy Research Center

. (Expanded Building for Division of Fuel Cell Research)
*Medium-Temperature SOFCs and SOECs

Started in April, 2008

Currently promoting
“HiPer-FC project”
From 2008 for 7 years funded
> 90 million US dollars by NEDO

Center Director

» M. Watanabe

Metals Research

s Reseach | High Polymer Research Planning
ivision

Research Division |Division
Members Members Members » Members Administration
TN ST ST ’ . Office

Members
Faculty serving concurrently
in the Clean Energy Research Center

Members

Researchers from various countries(visiting professors,etc.)
Mana Matersalx

Members




: n Members (March, 2009)
Clean Energy Fuel Cell
Position Research Center Nanomaterials Center

Associate Profs

Profs.

Full Time Guest Profs
Assistant Profs

Post-Doc Researches
PhD course Students

Mr. course Students

B. Students (4t year)

Administrative Staffs

Total

Y’ High Performance Fuel Cells 2 Ry Research Areas of Prof. Watanabe 2
High Voltage (Efficiency) )
. . (Starting from 1969 to now)
High Curr(in'l' De{!:'*y (Power) Total number of original papers relating to all types of Fuel Cells > ca. 250 papers
ong Litre

A. Establishment of Ad-atom method for Electrocatalyst
Design

. Design, Preparation and Evaluation of Highly

Dispersed Electrocatalysts

. Design of New High-Performance Electrocatalysts and

Their Electrocatalyses

. Design of Gas-Diffusion Electorodes and the

Applications

Design of Polymer Electrolytes for PEFCs

Design of Zeolite Supported Catalysts for H, Fuel

Controlling Factors

—T @ MM U O W

Reactants & Products = Boll Purification

Electrocatalysts = Players . Design of Solid Oxide Feel Cells for medium

Electrode Structures = Formations Temperature Operation .

Electrolyte = Field . Design of Electrocatalysts for CO, Reduction
& Others

Promoters = Supporters
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| y°citation of Watanabe's Works Relating to Electrocatalysts Y Various Applications
of
Citations/Year on All tems An Example of Citation on One Paper Polymer Electrolyte Fuel Cells(PEFC)
1200 70 700 )
Sum of the Items Citied : 8,211 = CO +HO —>CO; +2H+ 2e g
1000 o < B0 T e ‘ 800 .5
Average Citation / One Item : 38.4 o i-functional
> s Mechanism =
= saf 500 5
] - ]
S agf Rt 400 5
~ Pt-RuAlloy  Ru Ad-atoms s
S @f 300 g
S = 200 3
O =
12 100 §
<
bl 0
1975 1980 1985 1990 1995 2000 2005 2010 16751000 1“%;? 1985 2000 2008 2010
Year M. Wa\anale and S. Motoo, J. Electroanal. Chem., 60, 267(1975)
Electr by Ad-at PartIl. E of the Oxidation of
Methanol on Platinum by Ruthenium Ad-atoms
< Total number of original papers published : > 250 <> Cited 630 times by 43 coutries and 376 institutions
4} Most of the papers have been published in top-ranked 4} Discovery of “Bi-functional Mechanism”
international journals & “Catalysis by Ad-atoms”
4} More than 50 filed patents 4} The Pt-Ru is only one alloy ca[alysl used commercially
in “EneFarm” and “DMFC"
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FC cars

Toyota FCHV-adv

Honda FCX-clarity

\/’Mpromote policy to sustain this-
tiful

earth _with the spirit of “saving” and
“high-techs*for environmental conservation. >>

Ford DEMO lla (Focus) Rt Santa Fe FCV__

Nissan X-TRIAL FCV4
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'; Large scale field teat of residential fuel cells *

Reduction of primary
energy consumption = 2 4%
CO, reduction =39%
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FCV Progress

FCV development activities

B Next generation FCV with improved in-house developed
stack

Range :

160km | 200km | 350km | | 500km | Higher

Acceleration* : ! i ) perfor-
: | : . mance
25sec. | 20sec. | 18sec. Almost the same 14sec.
' L level as gaso]lne X-TRAIL FCV
powered vehicle FY2005 Model
6  “time from 0km/h to 100km/h NISSAN

Perspectives
Future Perspectives
(FCVs)
B Durability technology will become feasible.
B Cost reduction will be the challenges towards 2015.
Technology Introduction/Expansion Penetration
Development Phase Phase Phase
(2010s) (2020s)
Practicality
(Driving performance.
Cruising Range)
Vehicle Long durability
2015
Issues FC cost drastically reduction
Innovative Hydrogen Storage
Infrastructure Hydrogen cost reduction Infrastructure
Issues expansion
FCV Progress
FC Stack Development

B Features of technology (2008 Model)

»Doubled power density (metal separator, modified membrane)
~Low cost (Half Pt loadina, etc.)

3
EE . 3 Next Mode]
A, ~
--..."'"H,‘___-. ~ = 2.5 7:?
3 ’l
E 2008 Model.,”
g ,I =
a cl i e
5 1.5 = 5
Specification H ’
P g | 2005 Mode)
Max Power  130kW B
Volume 68L o i g - n :
Mass 86kg 2000 2002 2004 2006 2008 2010 2012
Year
.|
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Advances in FC Technologies(1)

Advances in FC Technologies (2)

Noticeable improvements
of the stack size & power density
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FCVs tested at JHFC Program

(2010F 3 ARH)

Sanaef as pn SH &5

3% FCHV-adv ] ! X-TRAIL FCV o4 FCX Clarity ANETFRALY
A-Class F-Cell

i

GM EQUINOX FUEL CELL AX¥ SK4-FCV Premacy Hydrogen RE Hybrid

F3%/B% FCHV-BUS

Long Distance Driving Test

2009.11.11~11.12

EITEER : 1,137km
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Fuel expenses of Japanese three FCVs
(On board test)
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Well to Wheel Based
Energy Consumption & CO2 Exhaustion

Well to Wheel 34 {725 &l<kY, ¥ THETEH O
IRILF—BEOCOHHBOLELE{TICENTES,

Prim. Fuel Calorie / km drive (10-18€—F) g-CO2/ km drive  (10-15%—F)

0 i 3 3 g 50 190 180 200
j T : B 5-CO2Mm

FCV(2005) FCV/(2005)
FOVEE : FOVRE
Gasoline Gasoline
Gasoline Hv . [Gasoline HV
Diesel . Diesel
Diesel HV Diesel HV
GNG ‘ 1 CNG

BEV | BEV k i

Fuel Consumption CO2 Exhaustion
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Cost Reduction

FCV cost reduction

Compact Li-ion
Battery

Inverter =

Lees

reduction gear BOP system

FCV unique parts cost reductionj

——
12 NISSAN

Cost Reduction

FC system cost reduction

-Total $8, 000/ 80kw
Membrane +Catalyst share 30%
Balance of Plant 4%

19%

+Necessary to make Pt
1/10 (10g/vehicle) due to
Pt resource limitation.

GDL 5% *Stack component (MEA.

Water ,' \
Management' | Bipolar Plate separator, etc.)
4% ‘ 500

Air Managemenrl | Balance of

-System component cost
10% Stack 5% s e

reduction. (simplification

and size down)
—

13 NISSAN

FC System Cost estimation : DOE(2008)




Cost Reduction

Stack and System cost down

MEA is the key : High power density
under low Pt loading and low humidity
* Enhance Catalyst activity and utilization
= Specific activities
= Oxygen and Proton conductivity in catalyst layer

= Higher temperature & Low/No humidification
= Water management

* Contact resistance
= Separator/GDL/Catalyst layer contact resistance reduction

By

42

W 2015 is the target year for FCV commercialization in Japan

Phase1 | Phase 2 Phase 3 i Phase 4

H H i
Technology ¢ Technology &Market |  EaryC ! Fulc:

Demonstration | Demanstration i N N L
1 i Period] Period]: el
[HFG2 10} 2011 [PostIHFC]  gq5] J5fgEmaPeiod] (Epansin mé;mme P
*Solving technical issues and promotion of E :gmﬁm;m and sales
review regulations {Verifying & reviewing 1 5 maintaining
development progress as mzedeﬂl sus :, ""'"""!"‘:]“W:::g::’ .
i Werifying ufil of* :\dmn@.md )
{ FCVsandhz s | -Continuously. -
1 from socio-gkonomic vt o

1 viwpmnr‘
Approx. 1,000 Hz stations*

and hydrogen reach targets,
making the station business
viable.

(FCV 2,000 units/station)

Begin building
clipmercial type Hz stations
-

Period
‘station b
Increase of FCV numbers

through introduction of more
vehicle models.

Determine specifications of
1al type Ha stations

Vehicle Number=s Hz Station Numbe =

ion. Benefit for FCV/ L i &) and FCV's are widely

_\. Introduction of FCVs and H2 stations ®

mEEEA ORE
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Against the wide Application of PEFCs

1. Cost Reduction by
Reduction of Pt loading to ca.1/10 <4
Improving MEA performance with lowered Pt loading
Reduction of PEM cost to ca. 1/20
Reduction of separator cost to ca. 1/20

2. Reliability Improvement by

— Clarification of the phenomena & technical polishing relating
to the degradation

3. Infrastructure Construction by

— New processes for the production of clean H, as well as that
for clean gasoline and GTL

— Easing official controls




_Y' Structure of conventional PEEC ®
Polymer Electrolyte Anode Separator
(PFSA) g (Pt/C) (Carbon)
Cathode
Pt/C
(Unit Cell) X
Fuel NS
(+) (=)
(Cell Stack)
Low cost. High performance or New materials are essential /
47

Ry HiPer-FC Project
(NEDO, 2008~2014FY, ¥9 billion)

Univ. Illinois
N_ew . Tech. Univ. Munich
Application Institute of Chemistry
H . (Beijing, China)
car Ae‘o;‘pc‘mes P_I'Oj_eC_t - Collaboration Soul National Univ., etc
d C Corporation e
-~ Contracts ~
- ~ ~
o University of Yamanashi ~
’ (®Deg. Mechanism, @Catalysts D,
/ Kaneka 4"S)Electrolytes,®MEAs for vehicles Toray Research Cente
/ | Electrolyte membranes Deg. Mech. Membranes |\
I Fuji Electric AT | g Panasonic
\ MEASs & FC stack MEAs & FCstack | |
\ [ Tanaka Kikinzoku | & Shimadzu /
\ Electrocatalysts Analyses of FC reactions |/
N\ ‘ 7
N e
~ N Univ. Tokyo Temporal/cﬂlaborati
formation™ Waseda Univ. -
-
e ~ — - -

-~
R

Other institutes
and companies

FCCJ, JHFC etc
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Y’ HiPer-FC Project

- Research on Nanomaterials for High Performance Fuel Cells -

The Fuel Cell Nanomaterials Center was established in April, 2008. The University of
Yamanashi was adopted as the lead organization for a 7-year project by the New Energy and
Industrial Technology Development Organization (NEDO) in 2008. The Center is the core institution
of this huge project, and the total budget of the project is more than US$ 80 M.

Research Items
1. Analysis of degradation mechanisms
2. Research and development of catalysts with high activity and high durability
3. Development of electrolyte membranes for operation over a wide temperature

range and low humidity conditions
4. Research for high performance, high reliability MEAs for automobile use

Final Targets of the Project (FY2008~FY2014)
1. To develop MEAs that can start at -30°C and operate at temperatures up to 100 °C and a

relative humidity (RH) of 30%.

2. The catalyst should be decreased to 1/10 of the conventionally used amount.

3. These materials installed in fuel cells are expected to demonstrate prospective performances, e.g.
cell efficiencies up to 64% LHV (lower heating value) at 25% of the rated load and durability of

5,000 operating hours and a couple of 10,000 on-off operations.

® Strategic Development of PEFC Technologies for Practical Application,” 48
_’ Research on Nanomaterials for High Performance Fuel Cells

| HiPer-FC project |
( PL:Prof. Masahiro Watanabe )

—

Shimazu Corp.
Analysis of reaction
distribution

Analysis of fuel cell v

caction * Analysis of degradation

mechanisms

Univ. Yamanashi

Panasonic Co., Ltd
Evaluation cells /stacks

Toray Research Center
Degradation mechanisms of
electrolyte membranes

Unlv. Tokyo
Analysis of catalysts with
spectroscopy

Development of electrolyte
membranes

Kaneka Corp.
Synthesis of electrolyte membranes
and application to MEAs

Tanaka Klkinzoku Kogyo K. K.
Evaluation of practicality of
atalysts

Research on MEAs for
fuel cell vehicles

Fuli Electric Advanced Technology
Co.Ltd.

—— - —

! Automabile Industry

\
2

of catalysts in stacks




_" Research and Development Map of the Project 49 _3' 1. Ana|ysis of degradation mechanisms

Feeding back of degradation analyses to the developments

of electrocatalysts and electrolyte membranes and to their Integrated MEAs Organization of the project

Panasonic Co., Ltd

Electrocatalysts 2) Analysis of degradation mechanism for
e N ‘ Surthoct m Cf ization L__" Analysis of degradation ‘ [I]:> Targets and MEAs practical use cells and stacks

1 Feed back ] University of Yamanashi Durability tests for practical use cells and stacks |
High proton conductivity / Proton conductivity Hydroltic 7 oxidatve T 1) Analysis of degradation mechanisms
r—{ high morphological stability | —— Glass~transition stability R o e arbon Load change test Electrocatalysts ——
hym,::x,’;::slme’ ;f’“"e’a'“’e Ty Dry-wet cycling membranes Durability test > | .(I;I)‘: University of Tokvo rates of
L____membranes | as " o broni
- Multi-channel flow double electrode cell Design and ano an states o
Mechanical strength ¢
e i o = |+ [ Polymer electrlyte with ™ cvaluationof | | alloy catalysts characterized by synchrotron
hydrolytic and oxidative 1123 G2 ) T3 T G T ) o ) In-situ XAFS radiation spectroscopy
I | stability i of 5) Clarify deterioration mechanism
lonomer Hiah "/ low Exposure test degradation tests for hydrocarbon Visualization system 1 Electrocatalysts and MEA samples
| humidity type
polymer membranes Stari-and ston Tost wwe‘!%,,ape?gg%r)ame vl =\ ‘ Evaluation of electrolyte membranes ‘
Hydrocarbon type MEAs with |——| Single cell/short stack testing Load change test umidit Evaluation of visualization techniques N
high catalyst tization Temperaturs cycle oLy e ‘ ‘ Toray Research Center, Inc.
High activity / long-term — —— — — ‘ Development of probe dyes ‘ Design and improvement of 4) Characterization of durability
durability Pt-alloy | ——High accuracy /high speed Addttion of gas impurities / ‘ “”'ﬂ:{':f:t'ﬁ{i,'i';‘:{i‘;’{,'“g ‘ new visualization system mechanism under high temperature and low
ical evaluation electrolyte ys
products humidity
‘ Catalyst }» { recovery techniaues Waseda University Shimazu Corp.
High stability supports under Start-stop / load change 6) Development of probe dyes 7) Design and improvement of
high electrode potential I slectrode potential cycling High activity, high durabilty, low to coat materials for visualization system for
conditions Electionle stcture cost Pt-alloy electrocatalysts visualization t d dation analysis

DSS testing
Load change testing
Temperature cycling

High activity / high durability
/low S/C fuel reforming
catalysts

High activity, high durability, low
cost reformation catalysts

Evaluation of reforming activity

ii _3' Problems in Conventional Preparation Methods of Pt-M/C

Addition of

~—7 Heattreatment
(alloy formation)

Preparation of Highly Dispersed Catalysts
by Nanocapsule Method

J (A*g 1) =S (cmZ*g1) x | (A*cm2)
pt/C Pt/C + MX Pt-M/C

Size & composition controlled catalysts

@ It is difficult to control the particle size and the alloy composition.

@ For the low temperature process such as a colloid or a poly-ol method, the
particle size is relatively uniform, but the degree of alloying is often not sufficient.




' %°_Nanocapsule method for Pt-M/CB__~

H. Yano, M. Kataoka, H. Yamashita, H. Uchida, and M. Watanabe, Langmuir, 23 (2007) 6438.

Heat treatment

to remove
Reduction organic
. moieties
LiBEt;H ~400°C, N,
oy 270°C
-~ '
Carbon black
Reagents Pt(acac), & M(acac), Aggregation of Pt-M Monodispersed
were enclosed in nanocapsule particles was suppressed by Pt-M alloy/C
(reversed micelles) . organic moieties on the
diphenyl ether + 1,2-hexadecanediol surface
with/without the presence of carbon
black

The use of such a nanocapsule as the limited reaction space should
provide monodispersed alloy particles with uniform composition.

_’x" Research and development on catalysts with high activity and durability %

.. Size control of Pt-based catalysts by the nanocapsule method Yamanashi Univ.,

Loading
on carbon ‘

Heat-treatment
remove organic moieties)

50 wt% Pt/C
m/s Metal loaded Particle size

(by TG)
f d XRD d STEM
. . (w%6) (nm) (nm)
Nano-capsule Pt-M nanoparticle Monodispersed
space PtM/CB 0.1 46.5 20 20%02
enclosing 05 48.8 29 3103
Pt(acac),+M(acac),

1.0 48.7 45 45104

@ We have succeeded to control
the Pt particle size only by
changing the molar ratio of metal
precursor(s) to surfactant (M/S) in
the preparation.

80,

s 8 B Ugrens = 45 1 # We also succeeded to prepare
& g z 60- Pt-based alloy catalysts with well-
g g E controlled particle size,

g g E,' composition and loading level.

w L 0w L

[0}
0 2 4 6 8
Particle size / nm Particle size / nm Particle size / nm

54

“r II g 5 T T T T T
e B
dp, /nm .55 4r 7
Tt
§ 3t 1
s L
oy
- 2+ 4
o |
40 I B E 1
2 1 4
el ] 2
1 1 1 1 1
de/nm 8 053550 30 40 50 60
Pt-Loading, wt%
80 T
40 B Pt nanoparticles were uniformly dispersed
cah . on the CB support and their size
ST e 4 distribution was fairly narrow;
dp/nm 2 to 4 nm, irrespective of the loading level
0am | from 10 to 55 wt %.
s T ™ 56
.3. Control of alloy particle size and composition
' Pt;Co/C
d=2.0nm M/S_Q'7 d=29nm
. . 80
60 ] a\;eo
40 . g40
20 4 520
0 e 3 )
02468 L 024638
Particle size / nm EEETRNI 0 | porticle size / nm
Commercial
d=4.2nm d=3.3nm
80 - 80
S X
=60 60
4 ‘f w540 §40
\.g;.y 820 g20
. w Iy
0 0
02468 024638
Particle size / nm Particle size / nm




| Y°_ Pt,Co/CB prepared by nanocupsule method *

M/Sa Loading

(TG analysis)® Composition® Particle size
(wt%) (atofrf.%) (ato(r:T?.%) cE;Tr;’\)ﬂ
0.3 46.0 742+1.4 258+1.4 2.0+0.2
0.7 48.1 76.0+1.3 24.0+£1.3 29+0.3
13 50.8 76.6+£1.2 234+£1.2 42+0.6
Commercial 47.7 75.7+8.2 243+8.2 33+13

a: Mole ratio of metal salt/surfactant, Pt : Co=3:1=75% : 25%
b: TG analysis after 600°C calcination in air; intended metallic composition was 50 wt%
c: Average composition determined by EDX for 20 particles

H Simultaneous control of particle size, composition and loading amount,

58

N oA O
=] 2

6!
4
2|

PtCol/

-. 30 mm I
2 45 8 10 Pt.Co/C
Particle size / nm

Frequency, %

Frequency, %

o2
=)

2 4 6 8 10
Particle size / nm

] -
oy s Crn 2
g 5 .
=} g : I
0 8
0 2 4 6 8 10 PtsCo/C s Commercial

Particle size / nm 0 2 4 6 8 10 pt-Co/C
Particle size / nm

| %" Channel flow double electrode(CFDE) method

Jk & P(H,0,), Wide temperature range (r.t. to 110°C), Closed system, Low noise

Reference electrode: RHE(t) Pt counter
electrode

Kel-F cell l

]

L
7
ﬁ;ﬁlytﬁolunon[ W ]:ZI —
| V Working

Hydrodynamic voltammograms electrode
by laminar flow of O,-saturated 0.1
M HCIO,
Mean flow rate U, = 10 ~ 50 cm/s
Temperature = 20 ~ 110°C

l Electrolyte solution U/,

Working electrodes
Nafion-Pt,Co/C on Au(subs)

J. Phys. Chem. B, 109 (2005) 5836. T 1.165nF[O,]w(D2x,2/h)1/3
J. Phys. Chem. B, 110 (2006) 16544.

J. Electroanal. Chem., 574 (2005) 339. 1_1 Ut
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0
Temperature / °C Kapp= —Ic/4FSp[O,][H*]

‘» 104 110' 90 i 70 i 50 . 30 » The activation energy at each
f . 5;35v E°I T rC /Ic alloy was ca. 40 kJ/mol, which is
U Vs 3L0 almost comparable to that at Pt/C.
[ (0.70 Vvs RHE) A Pt,Co/C > Thi .d.p hat the high
[ @ PiCo/C » This indicates that the high ORR

F~< pt/C activities at the alloys are ascribed
b T to a large pre-exponential factor in
the rate constant.

=
o
w

K.on=Z exp (-E,/RT
> THEP increas% (inathe)Z value
becomes 1.5-2.2 times to Pt/C.

=
o
N

F -0.525 V vsE® > Hence, we can expect x3.3 mass
[ (0.76 V vs RHE) /\ activity  (A/gPt)* taking into
[ account the Pt content & size at

-0.485 V vsE°

\; Pt,Col/C.
(0.80 V vs RHE) s
" 1 "

X > It becames clear that Pt,Co is the
3.2 3.4 most stable composition to the
corrosion.

2.8

=
(=]
-

Apparent rate constant, kg, / cm* mol™

g
o

3.0
103 T2/ K1
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Highly Durable Pt/Graphitized Carbon Catalysts
Prepared by Nanocapsule Method

® 62
_& Carbon Corrosion at Pt/C Cathode. (‘aml\I/Qt

Conventional Pt/CB catalysts [Pt dispersed on high-surface-area carbon black (CB)] are severely
degraded by the carbon corrosion at high potentials caused by start-stop cycles.

High Potential Agglomeration and
Start & Stop

detachment of Pt reduce
Fuel Starvation N

the electro-chemical

active surface area (ECA).

C + 2H,0 — €O, + 4H' + e~ E=0.207 Vg

We performed the durability tests of three kinds of catalysts by a standard potential-step protocol
recommended by the Fuel Cell Commercialization Conference of Japan (FCCJ).

FCCJ Potential-step cycles for MEA
CV ( ECA) N,-0.1 M HCIO, h ey
1cycle=1min '
< >
Po

RRDE (Jk, P(H, 0,-0.1 MHCIO, L3V

30 sec 30 sec

E

tential- step cycles (N) N,-0.1 M HCIO,

Temperature : 25°C

® 63
% Dependence of MA and ECA on log N
MA at 0.8 V ECA

= 1500 —rermr—rrrr—rrr—r—m—— e _‘[ 100

cE il [a -PUGC(Hanocapsure) .- & N-PUGC(nanocapsule)

- ' = s |.c Pt/GC(commercial) = & Cc-PUGC(commercial)

N ) s |8 cPYCB(commercial) ey sobﬁ o |® c-PUCB(commercial) i
= 1000 P Cycle life for MA,, 2 b T Cycle life for ECA,

= o (eycle) g 60k g, Cycle) "
o A 51900 5 | 8 11100

= 700 I ommmm oo W g 1600 B 'y, & 1200

150y 4 o -t :

3 m g 700 é -‘ ‘F : 640

: T Z 20 P .
= I ' - ' |

- 1 1 - + ' T

= 9 R AR I, 3 T Ol MOV N N R

110 10° 10° 10° 10° 10° 17 1058 | & 1 10 105 100 10° 10° 105 10]
Number of potential step cycles, N Number of potential step cycles, N
The cycle life for MA,, at n-Pt/GC The cycle life for ECA,, at n-Pt/GC was 10
was 30 times longer than that of c- times longer than that of c-Pt/GC.

Pt/GC.

¥

The high durability at n-Pt/GC cannot be explained simply by change in ECA.

| Y’ TEM Images before and after Potential Step Cycles

c-Pt/CB c-Pt/GC

15nm

o
Pristine — After 1000 cycles

s & | Pristine » After 5000 cycles o [Pristine — After 5000 cycles
Sopd=22m  (390m) §»eu 2.4 nm) (5nm) §>6012 .8 nm) @6nm) -
Histo- g “op g 4o g g 40f
8 20 8 20 1 820
gmme ED Bl =l
o . [ M | | 1 1 |
4 "6 8 4 6 8 2 8
drem / nm drem / M d'EM /nm

For n-Pt-GC ater 5000 cycles, the aggregation of Pt was mitigated.
Pt partticles were still dispersed uniformly.




c-Pt/GC n-Pt/GC

TEM
"c
- 15nm |
s [Pristine - After 1000 cycles s -Pris(ing > After 5000 wdgs s [Pristine —» After 5000 cycles
Z60Kd=22nm)  (3.9nm) g&){ m) (65m) - 60{2.8 nm) (@6nm) o
. g 4ol
Histo- g 40 340 “or ]
=l ol
ol ey ! 1 Q ol s 1 I | 1 I |
drem /M dren/m ¢

drem /om °

For n-Pt-GC ater 5000 cycles, the aggregation of Pt was mitigated.
Pt partticles were still dispersed uniformly.

| %° TEM Images before and after Potential Step Cycles "

_"Territories of Supported Catalyst Particles Relating to Reactants

66

|Commercial Pt/GC |

| Nanocapsule Pt/GC |

’OZ O, diffusion layer !poz

AL Bog

- CommercialPt'as¢

Pt was overcrowded on GC, and the particle growth was accelerated by the
agglomeration. ORR activity was decreased by O, diffusion layer overlapped.

o

': *M. Watanabe, H. Sei and P. Stonehart, J. Electroanal. Chem, 261, 375 (1989)

Nanocapsule Pt/GC

*Pt was highly dispersed on GC, and the particle agglomeration was mitigated.
«Due to the sufficient interparticle distance, high ORR activity can be maintained.

nghly stable catalysts and the supports at high potential

|H|gh Surface Area Hollow Ceramic Support |

hollow ceramic support

Pt nano-particle
Averaged =c.a.3nm "
Pt nano-particles
High electron conductive
[ ——— Hollow ceramic particle . .
NN Average d =c.a. 0.7 4m Hollow structure —>Specific SA increase

|High Electron Conductive Ceramic Support

memfliE High electron-conductive,

A nano-ceramic support

7

4 Ptnano-particle

Averaged =c.a.3nm *~ P} nano-particles

High electron conductive

Hollow ceramic particle Nano parhcle-)Speclﬁc SA increase
Averaged =c.a. 8 nm

ate structure->Advantage for

GDR & e-conduction

High electron-conductive,

| y°_TEM image and Pt size distribution at Sng ¢Sbg 940,
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50 T . T
drgy=3.0£0.6nm
a0 b TEM
=
T
[&]
c
s
o 20t 1
o
L
10} _
Pt St
SNy 46Sbg 0.0 o
0.96°"0.04~'2-5 0 L
_Snm 0 2 4 6 8

Particle size/ nm

Pt nanoparticles are successfully supported
on Sb doped SnO, support by the nanocapsule method.




ECA / m2 gyt

0 1000 2000 3000

120 r r .
Cathode:N,
100 | T 1cycle=1 min.
1.3V 1
80 E o
‘\ PUSNn _Sb g S
n =
BOL Vo 4-_093_.0?4.-2-8_ g 30sec. 30sec.
40 n commercial
PYC (TEC10ES0E)
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4000

Number of potential step cycles, N
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Ry TEM image and Pt size distribution at Pt/TiN °
prepared by nanocapsule method

50

T T T T T T T

401 drgy=2.9 £ 0.6 nm |

30

20

Frequency / %

10

0 2 4 6 8
Particle size/ nm

Pt nano-particles are successfully supported on TiN support.

J ImAcm?

K
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Pt /TiN activity change (Durability Test)
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8.0 T T
6.0 4
0.70v
4.0 -
076 V
" o080V
0 r -
7
o 1000 2000 3000

Number of potential step cycles

Effect of the potential step cycling
number on the ORR at Pt/TiN

4 Pt loading level can be low at TiN
supported Pt catalyst due to the high
density of TiN, resulting in not thick catalyst
layer.

@ The ECA for PY/TiN is comparable to
that of Pt/C(TEC10E50E).

4 Specific activity does not change
noticeably with potential cycles.

Pt/C Pt/TiN Pt/TiN
SAMPIE | recioeson [fpamasmaone| | A
Pt (Wt%) 50 195 19.5
0.80 V 1.67 1.26 1.24

(k| 076V | 3.06 1.84 2.22
0.70 vV 5.76 2.73 4.50

ECA (m#g Pt) 80 14.8 72

| %° Channel flow double electrode(CFDE) method *

Reference electrode: RHE(t) Pt counter
T electrode
Kel-F cell ]

%

l Electrolyte solution U,

0.2

Working
electrode

e
ectrolyfe solufion | _zz | V —

Electrolyte:  O,-saturated 0.1 M HCIO,
Mean flow rate U, =10~ 50 cm/s
Temperature 20 ~ 110°C

=

Working electrodes
Nafion-bulk Pt
Nafion-sputtered Pt-M alloys
Nafin-Pt or Pt Alloy/CB

N. Wakabayashi, et al, J. Phys. Chem. B, 109 (2005) 5836.
H. Yano etal., J. Phys. Chem. B, 110 (2006) 16544.
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Enhancement of ORR

73

10

0.8

Potential / V vs. RHE (20€)

0.7 U, =50 cm/s, t = 20°C
in 0.1M HCIO,

-120 mV/dec

Pt skin layer
(afew nm thick)

T. Toda, et al., J. Electrochem. Soc., 1999, 146, 3750.

N. Wakabayashi et al. J. Phys. Chem. B. 2005, 109, 5836.

Enhancement with the same Tafel slopes
The same rate determining step (le transter)

at Pt Skin-layer Formed on Pt alloys

Temperature/ °C
80 60 40

-1

20

-1

Apparent rate constant, kann/ cm mol ~s

4

,_.
S
T

Lowering 2-4 time:
temperature .

Elevating

lemperalure
\

® PtyFey
o PtgCogy
4 PtgNig
10'| - Pt
|
28 30 32 34
10°T -/ KL

Iogkapp

Strongly suggesting the following:
Increase in Z ) Increase in 8 4,

=2.303logZ — 2.303& /RT
&, =ca. 38 kJ mol! (Pure Pt surface)
&, =ca. 41 kJ mol* (Pt alloy surfaces)

Experimental

74

Cryo and Sorption

EC-XPS apparatus

\

Pumps

R

N,or O,

taken within 5 min,

S ’

0.1M HF Solution
Saturated with N, or O,

XPS Chamber

Holder

Electrode

Cell

CE

Electrolyte
N, or O,-saturated
0.1 M HF

Test electrode

Thin film electrodes
sputtered on Au disks.

Pure Pt, PtFe and
PtCo alloys

Pt skin
} layer

Each test electrode was polarized at a given potential E for 5 or 15 min in N,
or 0, saturated solution, respectively, followed by emersion from solution
under potential control. Then, the electrode was transferred to UHV and XPS

75

0.5

Coverage, @

07 08 09

Potential / V/ vs. RHE

Potential dependences of
| O-species coverages

Solid lines: in O,-HF soln.
Dotted lines: in N,-HF soln.

The 0,, coverage at Pt skin
surfaces is much increased by
“additional 0,,” from that of
indicating the
dissociative
adsorption from molecular 0,,
presumably to Pt sites f;ee
ad
existed as Pt surface oxides,

pure Pt
enhanced

from the “original

L ]
| ¥ Mechanism of the ORR enhancement at Pt-based alloys

oF T T
FORR in O,-HF soln.

Pure Pt}
—pPt-Co ]

i/ (4FS) = - k[H][O, il
k = Z e -EaRT
,——PtFe 1 @ The enhanced 0,, coverage at Pt skin-layers,

compared to pure Pt, should be ascribed to the
electronic structure modified by that of the

underlying alloy.

@ The increased O, values are clearly
correlated with the increased Z values.

@ Thus, we propose the below mechanism for
the enhancement of ORR at the Pt-sKin
surface, ie, the enrichment of the limiting
reactant 0, for the slowest elementary step,
resulting in the higher total reaction rate,

Oad + H* + e r.a’.s.OHEld

{ O, — 2 O_4 (enhanced)
OH_4 + H* + e- = H,0 (slow)

76

(slowest)
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SPI membranes containing mobile hydrogen atoms

¥

Univ. of Yamanashi

Effect of mobile hydrogen atoms on the properties of
SPIs was investigated.

Synthesis of SPI membranes in large scale

78

L

$Btoquatowno:

HO;S'

:

S03H

SPI-8(80)

~

larger scale.

@ Membranes were cast on a 6 fimes
larger scale.

@ There were only minor differences

Kaneka

@ SPIs were synthesized on a 10 times

in

molecular weight, IEC and membrane

thickness among the different batches.

-(CH,)y-
HOsS 503H
L SPIs |
~ o~ gy
C N /(N’ H < | N>
HN-N N N
A SPI-8-m SPI-g SPI-10 SPI-11 SPI-12
COOH
I <
o <)o)
SPI-13 SPI-14
0 79
% New SPE block copolymers
Univ. of Yamanashi
Conventional block copolymers Our new block copolymers
: ey
sfonicacia— . Hydrophilic Very hydrophilic

group

24 » I
LT i Increased local concentration ‘ *
of sulfonic acid groups

Hydrophobic Hydrophilic

Water uptake and proton conductivity

80

L

Proton conductivity (S/cm)

Univ. of Yamanashi

28 2
@ Block SPEs showed much higher » e
conductivity than the random SPEs. g
S 20
) o
L 2 «—®
@ The conductivity of block SPEs g 16 v -
. 5 S
was comparable to that of Nafion 3 12 - .°//.
at >40%RH. g, o S e
L - :
4 o/;%'
Cand
. —— 0 ; ; ; ;
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2 £ . o/ o e®
107 F 1 £ 107 e —~®
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';"A Strategy of the Cost Reduction of Catalysts °

for Large PEFC Markets

“ Through the Reduction of P+ Catalysts Used ”
That is the Shortest, the Best and the Most Practical Approach !

How the 1/10~1/20 reduction could be realized ?

it

“ Ippon” with "Awase-waza’

Pt-skin on the alloy of P+ & non-precious metal(s) Xa few times
Nano-sized catalyst X a few times
Effectiveness of MEA X a few times 6~.34
High temperature operation X a few times times
Synergy effect of catalysts with the supports X a few times
Optimization of operation mode X a few times
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| §°_1st Fuel Cell Young Summer Seminer 2010

[Organizer] FC Nanomaterials Center & Clean Energy Research Center, Univ. of Yamanashi
[Co-organizer] NEDO, Yamanashi Prefecture, ECSJ, Chem. Soc. Japan, etc.

Aug. 17~20, 2010 at Kawaguchi-ko Hotel
90 young scientists & engineers from 9 countries attended.

WK (F20H F T, B LA ORI OR O/ S— 04T )L TH 1 B ERRAE
Bt v —3F—EHLTN S, B, KB, PE. BELZEINENE
FHRRESHIOAY SBER TSI AAL. KEHRMERIES DL
THHEHHRELESREREZEHL . AARHE LT/ HHAREL 5—
EHRMEHRRRICTHIEEBELTLS,

WELRAS [FKFRE EX AV TEH2BADS LTS, E—RTERT D
ERAOHAREL . KREBFRELFRGSETCERERESE DM T
D VAT LPIAN=ZXLIET 2RI OMRRRER K, HRERL TR
FERDD,

LRFROEEOLISA. BE - REXOLIYU—- F1 8B
ENXOEZEBRITA . A E O BED R MR ICE I = Hi - Bk
18£8, b5 EHEOLHABSALIEEREORREKRERAL
=

£IF-THRAGED, EEFREILESN—TF4RAvay
PREREEOREROMNNS, _

BATRT AHTR S, MEEREOR IR, waaxko  INVited Speaker: Japan(3), USA(L),
BRI A MO RERE B I LA OBIREEDH TS, Rtrs—ofiEx  Denmark(l), China(1) and Korea(1)

BAZIRIE MeIF—2iBUTESEARLHEI Yy —ICEEBTL
EEFELIEW EELTWS,

';' International Fuel Cell Workshop 2009
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(Organized every 3 years in Kofu)

oENNDKE, EE, MY, Tov—0, GEH., hE. FF. Do HKR—
—_——

Get-together

Group discussion
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wher amanashl FC- ~Valley St rfed—!__m
—
R;earch Build. 3,000m2 Office area ca.1,500m?2 Land Space ca.12,000m?2

In corporation with Clean Energy Research Center ({%¥} B3RP #2,300m2), we will promote
extensively the FC-R&D together with breeding of talented persons in this field,

Thank you very much
for your attention!




