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Your reports and presentation should include...

[ 1. Necessity of project

2. Motivation and purpose of project

* Proposal report (team) — )
P port (team) 3. Conventional research and technology

4. Problem solving plan and process

~—

5. Concept and detail design

[ 5.1. Goal setting method of design + Final report (team)
5.2. Limited factors
Changeable — 5.3. Synthesis

5.4. Analysis

= < Individual presentation

« Team presentation

__5.5. Evaluation
6. Expected effect
7. Improvement direction

—

All reports and presentation materials should be prepared by English.
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Development of clean energy for future (case study)
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1. Necessity of project
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1. Necessity of project

Energy issues: environmental problem

Greenhouse effect Global warming

The Greenhouse Effect
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1. Necessity of project

Energy issues: dependence

World electricity generation
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1. Necessity of project

Energy issues: dependence (historical time line)

Industrial revolution (1760 ~ 1830) Power station (1882)

Combustion engine (1807)
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Energy issues: international conflict

Energy reserves distribution

RUSSIA

Resources war

Energy depletion
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e ————————————————
1. Necessity of project

Energy issues: conversion efficiency

Power plant
T ) U % J Efficiency at T,; = 673 K (400 °C) and T, =298 K (25 °C)
0 Ideal heat engine Useful output |W| |Q | T
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1. Necessity of project

Energy issues: energy consumption

Electricity consumption (billion — kWh) World electricity consumption by region
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1. Necessity of project |

Solutions for energy issues: environmental problem (carbon cycle)

Carbon capture and storage CO, conversion (utilization)
Biochemical

n
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1. Necessity of project

Solutions for energy issues: international conflict (advanced technology)

Shale gas Prediction of gas production portion

Coal-bed
methane
Conventional
unassociated gas

History 2011 Projections
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20 Shale gas
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Non-associated offshore Tight gas

Sandstone

w<— Tight sand gas eraton

10

Coalbed methane
5 Associated with oil
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\Gas-bearing Shale

Horizontal Well
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Chemical composition of shale gas is very similar with that of conventional gas.

Production of shale gas will be hugely increased.
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1. Necessity of project

Solutions for energy issues: conversion efficiency (development of new type power plant)

Ultra-supercritical power plant Combined cycle power plant

46

45

Common European/US™

Subcritical supercritical

Net efficiency [%]
£

Ultra-supercritical and combined cycle power plants are expected to increase the efficiency compared
with conventional power plant.
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2. Motivation and purpose of project

14
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2. Motivation and purpose of project

Hydrogen as a future energy

Air Pollution | Global Warming

Restriction on harmful Greenhouse effect
exhaust gas (HC, CO, (CO:2 restriction)
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2. Motivation and purpose of project

How to produce and utilize hydrogen?

SUPPLY
Natural
gas
Turbines,
1C engines
Process,
DEMAND

generation

|/ Residential
Building®
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Electricity

Y
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Electricity

Fuel cell
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2. Motivation and purpose of project

Hydrogen as an energy storage

Electrochemical
Capacitors

(Supercapacitors)

Batteries

10 1 10
Energy density (Wh/kg)

Water electrolysis
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2. Motivation and purpose of project

Current status of environmental-friendly energy system

HYDROGEN. s 147100 ,

19
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3. Conventional research and technology

20
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3. Conventional research and technology.

Electricity generation methods Power plant

Fossil fuels

_—
p—
p—
-
-
g
-

Reforming

]
Water g
. e @
| Hydrogen-richgas ‘
R e S Y7 T T — > Rt
Citygas(methane) ‘

shift

Q Wstcasal % ' High efficiency (~ 85%)

Carbonmonoxide Carbondioxide Low price (~ 0.75 $/kg)
CO, emission

Water electrolysis

Cathode Anode
- +
9, ¢
o
. o
o e e e - » _____
o
Oxyger
., dubbles
. B
o
Heat

Electricity
CO, zero-emission

Low efficiency (~ 40 %)
High price (~ 2.56 $/kg)

HO 3. HO
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3. Conventional research and technology.

Hydrogen production methods

CH, + 2H,0 — 4H, + CO, @
. ’ CH3OH + Hzo i 3H2 + C02
Hydrocarbons @) @ r)
& Alcohols —
CH,OH H,0

Coal (C) + H,O0 — H, + CO @

Bio-oil + H,0 — CO + H, CO +H,0 — CO, + H,
f) — > —

- - A
W ¢ f) 2H20 — 2H2 + 02
ater

H,0O

Coal
& Biomass
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3. Conventional research and technology.

Hydrogen production methods: water electrolysis

Gaseous hydrogen
Ha(9) Product:

' ) element

Gaseous oxygen
Product: 02(9)

element ‘

= ' ‘ & a Liquid water
E‘; Angde Cathodel H,0(l)
&2

E L 5)

Reactant compound
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3. Conventional research and technology.

Hydrogen production methods: water electrolysis

Classic Alkaline Water Electrolysis Proton Exchange Membrane Water Electrolysis

2H, + 401

4H,0 + 4¢

Diaphragm

0, +2H,0 + de- 2H, 0, + 4H" + de-

2H, + 40H

41L,0 + de

40H" 4H™ + 4e 2H,0
PR—
H,0 OH
Anion Exchange Membrane Water Electrolysis 33 T T
20}
2
0, +2H,0 + 4e 3 .
>
8
16 Perf, Range B K:
s Classic Alkaline Water Electrolysis
772773 AEM Water Electrolysis
40H 14 s PEM Water Electrolysis i
0 2 4 ] 8 10
Current Density / Acm”
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Hydrogen production methods: proton exchange membrane water electrolysis (PEMWE)

Nafion® membrane

Iridium catalyst

0, out

| 1

H,0 in

Ti
gas diffasjon layer
Platinum catalyst /
Flow-plates
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Hydrogen utilization methods: fuel cell
Sir William Grove (1811 ~ 1896)

Humphry Davy demonstrates the
principle of what became fuel cells.

Charles Langer and Ludwig Mond develop
Grove's invention and name the fuel cell

" demonstrates a 5 kW
alkaline fuel call

The il crisis prompts the development of
alternative energy technologies including PAFC.

Large stationary fuel celis are developed for
commercial and industrial locations.

Honda begins leasing
the FCX Clarity fuel cell
% electric vehiclo.

Sulfuric Acid Solution

26

1801 seevvserened

........... 1839
William Grove invents the ‘gas battery’,
the first fuel cell. ¢
% o
........... 19508 7
General Electric invents

the proton exchange
membrane fuel cell.

eseenee 19608
NASA first uses fuel
cells in space missions.

Fuel cells begin to be
sold commercially as
APU and for stationary
backup power.

issesseess 2009
Residential fuel cell
micro-CHP units
become commercially
available in Japan.
Also thousands of
portable fued cell
battery chargers

are sokd.
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3. Conventional research and technology.

Hydrogen utilization methods: proton exchange membrane fuel cell (PEMFC)

Fuel H2
(Hydrogen)

Used Fuel < :

Recirculates

Flow Field
Plate

Gas Diffusion
Electrode (Anode)

Catalyst
Anode reaction:
2H, — 4H* + 4e-

Proton Exchange Membrane

Overall reaction:
2H, + O, — 2H,0

s 02 (Oxygen)

from Air

NP Heat (85°C)

Water or Air Cooled

< = Air+Water Vapor

Flow Field
Plate

Gas Diffusion
Electrode (Cathode)

Catalyst
Cathode reaction:
O, + 4H* + 4e- —> 2H,0

27
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Gas | Anode Proton  Cathode | Gas
diffusion | catalyst  conducting catalyst | diffusion
i layer membrane layer | layer
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3. Conventional research and technology.

Hydrogen production methods: economical problem of water electrolysis

H, prod'uctlon E_ngrgy Estlmated Reaction Major advantages
technique efficiency price
Steam CH, +H,0 — 2H, + CO High efficiency
reforming of 85% $0.75/kg 2CO0 - CO,+C Economically favorable
methane CO +H,0 —» CO, + H, Methane pipelines already in place
_C.oal. 63% $0.92/kg Coal (C) + H,O0—>H,+CO + 1 Economically favorable_
gasification CO +H,0 — CO, +H, Abundance of coal resources in U.S.
Biomass Biomass + Energy — Bio-0il + Char + | Renewable
rolysis 56% $1.26~2.19/kg Bio-oil + H,0 — CO + H, Not dependent on fossil fuels
pyroly CO + H,0 — CO, + H, P
Water 40~60% $2.56~2.97/kg H,0 — 0.50, + H, Emissions free when paired with
electrolysis a renewable energy sources

28
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Hydrogen utilization methods: economical problem of fuel cell

Fuel cell vehicle: ~ 70,000 $ Gasoline vehicle: ~ 30,000 $

© ] srzamw

_ .
S 2017: $47/KW
-
¥ s SE1/KW
-
2 SEBIKW
O s — 2020
E BSTIKW sssikw sssmw sssmw  Target Lo
a =0 e Target
g 30w
'8

§20 I

50

2006 F007 2008 A008 200 2011 FHZ 2013 2014 2020
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3. Conventional research and technology.

What is main cause of economical problem?

Breakdown of cost by PEMFC components

10%

B Electrocatalyst

# Membrane

! Bipolar Plate

W Balance of Stack

¥ MEA Frame /Gaskets
" GDLs

30
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3. Conventional research and technology.

Cost problem for hydrogen production and utilization methods

Fuel cell car Fuel cell engine (stack) Single fuel cell

H YDROGEN S TAT’ON - 5 ’ Electron Flow ‘;/\)

Hydrogen

\‘& LR
-

'
'
S8

bk
L&
-

Anode ElecFonte Cathode

Excess hydrogen

electrode

membrane

electrode

Single Pt nanoparticle Membrane electrode assembly
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3. Conventional research and technology.

Cost problem for hydrogen production and utilization methods

;.: The Price?
"~ GOOD QUESTION!

°i

2
0.5 $/g H

25.1$/g

36.0 $/g

18.6 $/g 36.3 $/g

Water electrolyzer Fuel cell

32
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3. Conventional research and technology.

Catalysts for water electrolysis and fuel cell

Water electrolysis reactions Fuel cell reactions

In acid In acid

Anode: 2H,0 — O, + 4H* + 4e- Anode: 2H, — 4H* + 4e-

Cathode: 4H* + 4e- — 2H, Cathode: O, + 4H* + 4e- — 2H,0

@ o
| £ B2 .
In alkaline Hydrogen [ 5 > I} Hydrogen In alkaline
w = P w
= - —
- - - : o - - -
Anode: 40H"— 0, + 2H,0 + 46" 40, 4o 5o, | 8 ) 24, >awrsae  Anode: 2H, + 40H — 4H,0 + e

Cathode: O, + 2H,0 + 4e- — 40H"

Cathode: 4H,0 + 4" — 2H, + 40H"
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Catalyzed reaction

‘ Fuel cell Fuel cell reactions
é Y r
> H, +0.50, ->H,O
c
Ll
r= kCreatant , k= Ae =
H, +0.50, For non-catalyzed reaction For catalyzed reaction
Reactant k = Ae =/RT < k = Ae =/RT

H,0

Product

»
»

Reaction progress

34
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3. Conventional research and technology.

Pt/C catalyst

©

Gas | Anode Proton  Cathode | Gas

diffusion | catalyst  conducting catalyst | diffusion

layer | layer membrane  _layer, | layer
s ’ >

Py
0, H,0

At least 70 g of Pt should be loaded to fuel cell engine to operate vehicle (~ KRW 10,000,000).

35
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4. Problem solving plan and process

36
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4. Problem solving plan and process

Strategies to increase activity and decrease cost of Pt catalyst

Shape control: increase activity

Core (cheap metal)

/- shell (Pt
Pt’ VS.

Core-shell structure: decrease cost e 36.3 $/g Lower price

37




Chemical Engineering Fundamentals and Design

4. Problem solving plan and process

Advantages of core-shell catalyst

Bulk Pt .
‘ Expansion » » Compression ‘
1 cm/ Active surface area ':::?111] mmm
6.0 cm?

lcm

Solute element
Fe Co NI Cu As Ru Rh Pd Ag Cd Sb Re Ir Pt Au BI

Monolayer Pt Active surface area
“.':.;.;.;‘,; ....... st ~44 X 107 sz

1+ Pt poly

Specific activity: i, at0.9 V (mA cm-2,)
[~
|
(Alod 1d snsJan) Jusiuasueyua KARNY

Cu

As
g P
>

[Nat. Mater,, 5 (2006) 909-913.]  [Nat. Mater., 6 (2007) 241-247.]

-34 -30 -26
d-band centre (eV)
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4. Problem solving plan and process

Fabrication methods for core-shell catalyst

Physical methods Chemical methods Lithographic techniques

Ball milling
Inert gas condensation
Arc discharge
lon sputtering
Laser ablation
Spray pyrolysis
Flame pyrolysis
Thermal evaporation
Pulsed laser deposition

Molecular beam epitaxy

Chemical reduction synthesis Photolithography
Solvothermal synthesis Electron-beam lithography
Photochemical synthesis Focused ion beam lithography

Electrochemical synthesis Nanoimprint lithography

Sonochemical synthesis
Micelles and microemulsions
Chemical vapor deposition

Sol-gel process

39
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4. Problem solving plan and process

Advantages and disadvantages of current technologies

o Physical method Chemical method
(atomic layer deposition) (chemical reduction)

( Chemical method
(electrochemical synthesis)

g

FE=
|

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

¢) 1

Q 1
1

908 ||
= 1
0 1
200t Pt = 2Cu7,, + PL,, :
ey
1

1

1

1

M 1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

4 ;" I?d«

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
N 1
"] - 1
Reduction (‘appmg /‘l :
1
1
1
1
B !
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

¥
5m

[Chem. Mater. 15 (2003) 1924-1928.] [4ngew. Chem. Int. Ed. 46 (2007) 4630-4660.]
High temperature & vacuum
Expansive instrument
Slow deposition rate

[Sur. Sci. 474 (2001) L173-L179.]

Relatively high temperature
Removal of capping agent

Room temperature
Short time & easy control
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5. Concept and detall design

41
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Fabrication process of Pt core-shell catalyst

Segregation at

ML PD Displ P
elevated temperature by U splaced by Pt
VIIIY JIIOI
DI > I)IVIIP
JIIIY DIV JIIIIDI P IIII I
JIII JIII VI P IIIII VY
DIIY D — VIIIID ) = JDI)IIII ) > D IIIIII I
VIII D DI DY D IIIII VI
DIII DIV DIIIIIY DIIIIII
J ) J FFF) 4 ) V&
JIIIY DII IV

ML.: monolayer
UPD: under potential deposition
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1)

Mo Pt-M ML
~ ~o _- ” I
Gas | Anode Proton  Cathode Gas
diffusion | catalyst conducting catalyst @ diffusion

layer layer membrane yer layer

b om o o  n e e e e e o e e
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5.1. Goal setting method of design

Application of Pt core-shell catalyst to fuel cell engine

Fuel cell vehicle ~ 70,000 $

M Electrocatalyst

B Membrane

[ Bipolar Plate

W Balance of Stack

1 MEA Frame /Gaskets
B GDLs
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5.2. Limited factors

Cost of Pt core-shell catalyst

Fuel cell vehicle: Fuel cell engine: Fuel cell catalyst:
~ 70,000 $ ~ 18,000 $ ~8,500% (Pt: ~7009)
M Electrocatalyst
G 8
B MEA Frame /Gaskets
New fuel cell vehicle: New fuel cell engine: New fuel cell catalyst:
< 64,000 $ <12,000 % <2,500%

45
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5.2. Limited factors

Material selection: feasibility for fabrication process

Segregation at

elevated temperature ML by UPD Displaced by Pt
JIIIY JIIIY
X ) JII D JIIIIIY P IIII I
N A JIII JIIIII DI P IIIII VY
DIIIY VI = JIIIIII) > DIVIIIIIII > PIIIIII I
/5/ ) I\ J IIII J D IIIII DI P IIIII I
)5* ) DII D JDIIIIIDY DIIIIIY
) \ ) DI F ) ) SIIIIP
VIIIY JJ/J‘JJ
Pt

» Metal A: cheap and earth-abundant metals (e.g. Ni, Co, Cu, Sn and etc.)
Metal B: more stable than metal A

o Metal C: less stable than metal B and Pt

46
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5.2. Limited factors

Material selection: cost

» Metal A: cheap and earth-abundant metals (e.g. Ni, Co, Cu, Sn and etc.)

Frice USH per tonne

11747 1 .
Ex) Ni = Metal prices
: - Ni: 0.011 $/g
11481 e Co0:0.048 $/g
« Cu: 0.006 $/g
» Sn: 0.020 $/g
11215 1
« Pt: 36.3 $/g
10943 - - . .
Cash 3 D1 D2 D2

Contract length (c) LME

London Metal Exchange (http://www.lme.com)

47
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5.2. Limited factors

Material selection: safety

» Metal A: cheap and earth-abundant metals (e.g. Ni, Co, Cu, Sn and etc.)

\Ylaterial

1. Slightly
Hazardous
Material

FIRE
HAZARD

Flash Points

SPECIFIC

HAZARD
ACID Acid 4. May Detonate
ALK Alkali 3. Shock & Heat

may detonate

COR _ Corrosive 2. Violent Chemical
OXY  Oxidizer Change
vw Radioactive heated
A Use No Water 0. Stable

48
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5.2. Limited factors

. . e . Standard reduction potential table
Material selection: feasibility for surface segregation " wtmeacton 9 Stable

' gl + 2 — 2 (a3)

Oslgl + 24" (ag) + 20— Dslgh + #,0 1287
Metal B: more stable than metal A ottt et R rhved
PHO) + a1 (ag) « SO (ag) + 20— PESOL) + 21,0 “170
' lag) v 0 — O lay) 118
00, (ag) ¢ B4 L)+ Se e W (o) + 4H.0 1151
Fe3* (aq) + 3e- — Fe (s) +0.77V P2 + 30— Ak 130}
/' u,z: B P—s ) STy
)  CryOf legh + V8 (o) + S0 — 2P (ag) 4 THO 113
Cu® (aq) + 2e- — Cu (s) +0.34V A1 o e e ea 20— Mo Gag) + 24,0 123
, Oylg) + &4 (ag) = de B0 n
_ s Ay + 2 - 280 logh Sy
SI’]2+ (aq) + 26 — Sn (S) '014 V ‘~~~ /' m,wf«q 4g) + 3e —a NO(g) + 2,0 105
RN /s 20’ farth + 0 — bl Lo ‘o8
- _ . SR s H t 1085
Ni2* (aq) + 2" — Ni (s) -0.25V SN y e T iom’
e Ssel ,/ o T R L] i %5
_ AN TR R Cylgl + 29" (ag) + 20— H,0400) 10468
Co?* (aq) + 2&" — Co (s) -0.28 V SR § - L b A sl |
NS Py g ) = de a2 () w0 2
AN s So1G Ol s 04 be e AOM_ Lt 1040 ;
RN T o0 G 20— 163}
J/ N Y R — P 037 A
/s pad S E SO! (ag) « 44 lagh « 20 030050 « IM,0 0.0 E
S . Cul"lagt + 0" s Cu fa) 018
Au3 (aq) + & — Au (s) +1.50 V R Y .
) / s N ira‘!_m_:.is o Pl e §
+ - 7 NSt o) + 2 + 3010 0
Pt?* (aq) + 2e- — Pt (s) +1.19V . B . ol
; ‘,,'/ L €0’ Gaa) + 20— Coll) o
+ - VO ¢ B~ Pol ~ YOI o
Irs* (aq) + 3e- — Ir (s) +1.16 V e roed
2 o laal ¢ 2o el 044
+ - TR R Pa—| o
Pd?* (aq) + 2e- — Pd (s) +0.92V e i .
. M0 + de e Mg + 2OM Gaal on
- T i8]
Ag* (ag) + e — Ag(s) +0.80 V e S e i o
0" Gagh + 20 n Belt) .
Mo gl e e Mgl L
[P p— n
[ O - i
) M el o
Ba' lag) ¢ 20 Ll iwn
LR T ]
[T » i 1o
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5.2. Limited factors

Material selection: cost

Metal B: more stable than metal A

Aud* (aq) + e — Au (s) +1.50 V
Pt?* (aq) + 2 — Pt (s) +1.19V
Ir3+ (aq) + 3e" — Ir (s) +1.16 V
Pd?* (aq) + 2e- — Pd () +0.92V
Ag*(ag) + e — Ag(s) +0.80 V

50
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5.2. Limited factors

Standard reduction potential table

Material selection: feasibility for Pt displacement " Waltmescion #% Stable
1 Filgl+ 26— (ag) “m
Oslgl + 24" ag) + 20— O4fgh + #,0 1207
) Metal C: less stable than metal B and Pt ot g emat o b rhved
POO,(0) + &1 (ag) « YOI (ag) + 20— PESOL) + 24,0 “170
' lag v e —.oC.“(aql ; 118
Aud (ag) + e — Au (s) +1.50 V | e LA s}
_______ il + ™ 2"l - o
Pt2* (aq) + 2e- — Pt (s) +1.19v. T i pabinnsdon SRl e g e
,,,,,,, Oylgl + 44" (ag) = de —a 3,0 123
Ir’* (aq) + 3e" — Ir () +116V € NG ) 3 MOl B0 law
___________ m:' (PR T 0N
Pd?* (aq) + 2e- — Pd (s) +092Vv T B e iy on)
L T R L ] T
+ - Hlg) + W' ‘20— 10
Ag*(aq) +e — Ag(s) +0.80 V i om:::"u::-‘;)pz- % :m:nwu wal s i‘
g [T R ) w0 2
Qulgl + 200 4 Ae_ s HOM_wp) 1040
B0 ea 20 —cutd 1034 ;
LT R AQOU) v v < Aghil + T el 03 A
,,,, S0 (og) « 44 "laa + 26 -+ 30,4gh + 2,0 ‘020
Fe3* (aq) + 3e- — Fe (5) +0.77v. 7 E e pgm oy E
’,/ W) e SHA Q.00
Cu?* (aq) + 2e- — Cu (s) +034V. 7 !,r-eg-m;v v 7] §
N o ---i N ::3- ): g:":tlul :h 4
N QA NAN & | Co’"Gaa) 4 20—t
Sn?* (aq) + 2e” — Sn (s) 014V & L e s -
oy i . Ot "ol + Be” s S0 040
Ni2* (aq) + 2" — Ni (s) -0.25V ot pilmigner o
24 ) F I P R P o
Co?* (ag) + 2e- — Co () -0.28 V RO v Nl £ o0 -
A g ¢ e « NG 14
0" Gagh + 20 n Belt) .
Mo gl e e Mgl L
MNa'lngl v v * Nale) an
Col g+ 2w - Cada) i
Gl v e 0 i
Ba' lag) ¢ 20 Ll in
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5.3. Synthesis: nanoparticle

Thermodynamic approaches

c (oG G: Gibbs free energy V: Volume
dG =-SdT +VdP + Z[a—j dn, S: Entropy P: Pressure
ERNEL T.P.n; T: Temperature n;: concentration for i species

Gibbs free energy for
mixed solution or mixed gas

Raoult’s law

0

0 |

i PI Xi |

S ERLEETTEEEEEEELEE :

i Activity Chemical potential |

; a =X, dy =-SdT +VidP |

\olumetric Gibbs : . , |
free energy change S -

kT C T G,: Volumetric Gibbs free energy C: Solute concentration
AG,=——In| — |=——Ino <0 k: Boltzmann constant C,: Equillibrium concentration
Vi Co Vi V,,: Molar volume of bulk crystal o: Supersaturation oo C

)
o ——
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5.3. Synthesis: nanoparticle

Thermodynamic approaches

Supersaturated solution Nanoparticles

Surface energy
increase

\Volume energy  Surface energy
(minus) (plus)

Assumption
4 : produced nanoparticle is sphere.

AG = EEFBAGV +47r’y
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Thermodynamic approaches

A
G Surface energy

+ AG =47ZI’27/

Always,
r>0

Volume energy + Surface energy
AG = gﬂ'rsAGv +4xr’y

- \Volume energy

AG = %m’?’AGV

54

r*: critical radius of nucleation
Whenr =r", d(AG)/dr=0

d(AG)
dr

=4xr?°AG, +87ry

47z (r') AG, +8z1"y =0

Critical radius of nucleation r” is...

r*:_z Y — 2Vm Y
AG, KT JIno

3 2 3
‘ AG" = 167y _ 1672rVnzq ¥ :

3(AG,)
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5.3. Synthesis: nanoparticle

N Reversible Irreversible
+ (nucleation) (growth)
-
AG”
_ \
/
- > I
r
\Volume energy + Surface energy
AG = %ﬂr%Gv +4nr’y
Supersaturated r<r r>r ‘\
solution ) ) /
e ~ ]
.. > ‘ “
= S
oo J J
2r
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5.3. Synthesis: nanoparticle

Thermodynamic approaches

nucleation ™ j’“ 'S growth

=l \\‘\\\\ \ — >
fast SV
2 ®
until all monomeris
precursors consumed
W ¥ o
slow
- Y - —
2 4 o\
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5.3. Synthesis: annealing
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5.4. Analysis

Elemental analysis

Normalized Intensity

Ni%* (ag) + 2e- — Ni (5)

Ir3* (aq) + 3e- — Ir (s)

Position(nm)
-0.25V

+1.16 'V

» Metal A: cheap and earth-abundant metals
Metal B: more stable than metal A
) Metal C: less stable than metal B and Pt
-0 |r
—O— Ni
) S Y
f = = o .‘(fl A
[ [5 % k
eonds, | I
:.:"2\[_&‘] A \'1 . A ' 1] L ¥ 1 A -
0 1 2 3 4 5 6 7 8 9 M0 n

Cu?* (aqg) + 26 — Cu (s)

Normalized Intensity

Ir3* (aq) + 3e- — Ir (s)
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5.4. Analysis

Crystal structure and electrochemical measurement

JIIII
I dIIDII I
DI P IIIII VI
JIIII D IVIIIII I
DIIY D IIIII VI
‘))) JJ DIV JJ ot
- 99999
1.0 .
R Pt ICo/C
€ L ——-Pt,IrCu/C
2 %1 i - PyrFerc
£ —— Pt INNi/C
2 | PN e
2 004
()]
— IrCu Q
— |rCo &
= :
3 05 ¢
o
40 50 60 70 00 02 04 06 08 10 12
Two theta Potential E (V vs. RHE)
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Pt mass based activity

Current Density j (mA/cm®)

04 06 08 10
Potential E (V vs. RHE)

5.5. Evaluation |

Pt IrNi: 1.4 A/mg

[ Mass Activity (A/mg)
222 Specific Activity(mA/cm?)

Pt: 0.2 A/mg

<

—

.........
-----

Pt_Ir

"PtICu Pt_irCo Pt_irFe

"
o
ot
R 777 ...:=. 5

v

Pt IrNi
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6. Expected effect

61
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6. Expected effect

Price reduction of fuel cell vehicle

Fuel cell vehicle: Fuel cell engine: Fuel cell catalyst:
~ 70,000 $ ~ 18,000 $ ~ 8,500 $ (Pt: ~ 70 g)

 Electrocatalyst

B Membrane

1 Bipolar Plate

W Balance of Stack

1 MEA Frame /Gaskets
H GDLs

4 4

New fuel cell vehicle: New fuel cell engine: New fuel cell catalyst:
~ 62,700 $ ~ 10,700 $ ~1,200% (Pt: ~109)
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6. Expected effect

Relieving environmental problem

Gasoline vehicle Fuel cell vehicle
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6. Expected effect

Fuel conservation

Fuel cell vehicle

If just 20% of the cars in America used We could cut oil imports by 1.5 million barrels per day
fuel cells (50,000,000), (= $44 billion per year).
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7. Improvement direction |

New core-shell catalyst Shape-controlled catalyst

Mechanism analysis

<

v

Platinum Dissolution

i

Ostwald Ripening

J
Agglomeration
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Your reports and presentation should include...

[ 1. Necessity of project

2. Motivation and purpose of project

* Proposal report (team) — )
P port (team) 3. Conventional research and technology

4. Problem solving plan and process

~—

5. Concept and detail design

[ 5.1. Goal setting method of design + Final report (team)
5.2. Limited factors
Changeable — 5.3. Synthesis

5.4. Analysis

= < Individual presentation

« Team presentation

__5.5. Evaluation
6. Expected effect
7. Improvement direction

—

All reports and presentation materials should be prepared by English.
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