Nanoparticle Technology

Lecture 10: Nanomaterials Application
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Nanoparticle Technology

What is nanotechnology?

Lecture 01~02: Introduction History of nanotechnology

Crystal structure
Lecture 03: Fundamentals of nanotechnology XRD
Surface energy

0 ~ 3 D nanostructure fabrication principles
Lecture 04~07: Nanostructures Fabrications 0 ~ 3 D nanostructure fabrication methods
TEM, electron diffraction

Optical spectroscopy: UV-vis, FT-IR, Raman

Lecture 08~09: Nanomaterials Characterization Electron spectroscopy: XPS, EDS
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Nanoparticle Technology

[ OUK previous lectures...
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dfontourprevious lectures...

Methods for sample preparation

H,PtClg powder

Ultrasonication
(30 min)

CoCl, powder
H,/N, (150 °C, 2 h) ;
H, (400 or 700 °C, 2 h) Wh

- -

Cluster




Nanoparticle Technology

BASEdiontour previous lectures...

Crystal structures: XRD
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BASEdiontour previous lectures...

Crystal structures: electron diffraction

Close to [001]

Electron beam generator
(accelerated)

] Sample (crystal)

Electron diffraction

Screen

Transmission electron
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BASCdiontour: previous lectures...

Elemental composition: EDS mapping and line scanning
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Nanoparticle Technology

Hant Membrane e

At anode: hydrogen oxidation reaction
2H, — 4H* + 4e-

At cathode: oxygen reduction reaction
02 + 4H+ + 46' e 2H20

I(mA cm2)

Mass activities (mA pgpl)
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Asedion our previous lectures...

Stability of nanoparticles (Oswald ripening?)
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Nanotechnologies in Fuel Cell
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Nanoparticle Technology

HUVAGHTANOPARUC % catalysts for fuel cells

©

Gas | Anode Proton ~ Cathode = Gas
diffusion | catalyst  conducting catalyst | diffusion

layer | layer membrane layer | layer

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

Anode reaction:
2H, — 4H* + de

Membrane electrode assembly (MEA)
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Nanoparticle Technology

Balance of
system

Thermal
management

[ | Fuel

management B Stack

B Water
management

] Air
management

B MEA
fabrication

Balance of B Membrane

stack
M End plate

Bipolar plate

~70 g Pt
= 10,000 $

W Gasket |

B GOL M Catalyst
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SHAEHIESTTONMprove activity of Pt/C

Nanostr

g"o’ ,,';'Pt nanoparticle

Large PtM nanoparticle




Nanoparticle Technology

SUEYIESHONMIPROVE activity

Size control Core-shell

2
i -
‘ Pt/C ’ Hollow
e e,
29 » a )))" F ol
T - - ™ i
Alloy ' s Substrate
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—

Size control

TEM images of Pt/C Oxygen reduction reaction at 0.93 Ve
R - 0.12 : : _ : 0.18
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[Nano Lett. 11 (2011) 3714.]
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j!/ mAcm™
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[Nano Lett. 10 (2010) 638.]



Nanoparticle Technology

Shape control

Surfactant and silica Silica DG template

s
geol

2

400°C Electro-

deposion
of Pt

_,

JjImA/ecm

Etching of silica
template with 2% HF

Silica DG template with Pt

0.2 0.4 0.6
E [V] vs. RHE
Double gyroid (DG) [VIvs

[J. Am. Chem. Soc. 134 (2012) 7758.]
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[J. Am. Chem. Soc. 134 (2012) 19508.]
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SUEIETIESILOIMpProVe activity

PLNi(111)

00000

p(1x1)

Pt,Ni(100)

c(5x1)

Pt,Ni(110)

(110)-(1x1)

Surface
Morphology

(111)

ik [mA/cm?]
E

1AM HCIO,4 at 0.9 V versus RH

Specific Activity
0

S B

\dyy1491=0.34 eV]

l\d[| 10]l=0- 1 GeV

PLNi(111) Pt(111)

Pt,Ni(100) Pt(100)

Pt,Ni(110) Pt(110)

d-band
center [€V]

-3.10 -2.76

-3.14 -2.90

-2.70 -2.54
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ESHONIMPKoVE activity

& T e r.'
I e tLEC O

Core-shell
Segregation at ML of Cu Cu displaced
elevated T by UPD
—
Co Au
Ni)  (Pd) 1-2 ML of Au, Pd, or Pt Cu ML Pt ML
0- 0 0
1600 rpm 1600 rpm
L) 2 o 24 L, 2
5 —FPIc 5 5 e
< —— Pt /AUNi_/C p £ —— Pt /PICo,/C
= 4 = 4 = 4
(c)
5 @) B 6
04 06 038 10 04 06 08 10 0.4 06 0.8 1.0
EN vs RHE EN vs RHE EN vs RHE

[J. Phys. Chem. B 109 (2005) 22701]
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SWEEHIESHONMProVve activity

Core-shell

® Pt
® Ni

- (a)
0.0
—— PYNi=1:10
- ——PYNi=2:10
-0.4} PYNi=3:10
< . ——PUNi=5:10
E . ——PUC
~~
-0.8}
-1.2}

02 04 06 08 1.0
E/V (Vs RHE)

[J. Phys. Chem. C 115 (2011) 24073 ]
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o 1l ILOVES activity

SIEGIESHLO
Hollow
a b 1.8
: = SOlid
1.6-. == hollow

Intensity (a.u.) ©
Intensity (a.u.) <

ESA Spemﬁc Pt mass
..... (cm’pg’)  (mAcm?®)  (mApg’)

04 2.3 4 B 7 01294856789
Distance (nm) Distance (nm)

[J. Am. Chem. Soc. 133 (2011) 13551.]
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50 °C, 1 bar H,/1 bar O,

\
. —=— Pt/CNT
! —— Pt/Vulcan carbon

Cell voltage (V)
o
-‘"ﬂl
1

0.6 —
0.5 -
0.4 | I | |
0.0 0.2 0.4 0.6 0.8 1.0
i (mAcm™)

[J. Power Sources 139 (2005) 73.]
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[Nat. Mater. 11 (2012) 1051.]
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(2

Wa

IMSanotechnology?

- In general, nanotechnology can be understood as a technology of design, fabrication
and applications of nanostructures and nanomaterials.

Blo Applications Energy

Electronic



Introduction to Energy Engineering
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Nanoparticle Technology

Word “energy” is originated from the Ancient Greek “energeia” meaning activity and operation.

In 1807,
Thomas Young firstly used scientific word “energy” in modern sense.

Thomas Young

In 1852,
William Thomson introduced the energy to thermodynamics with the theory of

conservation of energy (first law of thermodynamics).

William Thomson
(Lord Kelvin)
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SRERoyEstoncal time line

Industrial revolution (1760 ~
141 - o

IS 2 = iLlah

1;30) Power station (1882)

Steam engine (1769)

. ! ‘;sfi=::%:= .

Combustion engine (1807)

FEPLAN D PYRE

Quadrillion Btu

Wood

ﬂ—i—‘—rﬂ—l—l—v-#...,....,

V1775 1800 1825 1850 1875 1900 1925 1950 1975 2000
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RO TISIOIRENERJY

Mechanical

Potential - Mechanical wave

Nuclear

Kinetic

Chemical
ovalent bond
trong) =g he ]
Intermolecular EleCtrical Radiant

attraction (weak)

Magnetic

|,
8 -y

N
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! Microscopic energy
: >\
| 5 en
Q
: \°/° ‘ Sensible
Molecular Molecular and latent
I translation rotation f cncrg)
| (
: @ /; ,
: Edectron Moleculas Chemical
I trunslation v ibeaton @ cnergy
| 7
l & _gF
| /’ \;2(\
Potential energy Kinetic energy : 7 b NI‘]" :;\"
I ;::\n \Ju‘:lca: ClC J
|
Potential energy (PE): :
The energy that a system possesses as a result of its
elevation in a gravitational field. ! Internal energy (U):
Kinetic energy (KE): ! Sum of all microscopic forms of energy
The energy that a system possesses as a result of its 1
|

motion relative to some reference frame.

Total energy of a system: E=PE + KE + U
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hgyaclassification 2: renewablility

Non-renewable energy Renewable energy
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I1-J
as

WIELOVACI2SSITICation St use stage

Secondary energy » Final energy
(refined or generated) (beneficial for real life)

Primary energy
(sources) -

GASOLINE

Electricity
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1gXxlcm X 1cm/s?=1erg=107J (Joule)

1J = 239x10cal = 278x10°W-h = 6.24%x108ev = 239x104gTNT

Thermal (heat) Electrical Explosive

Food industry
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EBNEROVACONVELSION for electricity

Power plant

Thermal
— Mechanical

Turbine

Potential
— Mechanical

Hydropower plant

Generator

Mechanical
— Electrical

Fuel cell

Chemical
— Electrical

Hoeat

Hydrogen

Electricity

Sunlight

Solar
— Electrical

Solar cell
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Power plant : Fuel cell
|
\ o ) Ideal heat engine \ E ) :
Qu l 1. No friction Qu l I
N 2.05=Q/T=0 N I H, >2H" +2e" 0.50,+2H" +2¢e" ->H,0O
[ Heat| | 3. Reversible [Carnoi I
Engike [=> ¢ EngiRe [=> w I
; i ) !
all al] I
|
S SR i H, +0.50, <> H,0 &2 teleel
|
Efficiency at T, =673 K (400 °C) and T, =298 K (25 °C) 1 Efficiency at 298 K (25 °C)

. Useful output _ W] :l_m 1T _oss - Useful output _ AGpgc _ —237KkJ /mol _ 0.83
Total input Q. |a  [Qu 4 Ty Total input ~ AH2,, —286kJ /mol

___________________

1 1 =
1 1 Form of water Temp AZy. Efficiency
! ! product °C KkJ mol™! limit
- U
Q] IQu]

|\N| =|Q |_|Q | AS =0 = _ & i Liquid 25 -237.2 83

H L T T : Liquid 80 —228.2 80

H L Gas 100 2252 79
1st law: conservation of energy ! Gos 0 o204 TT
|QH | | |_| I CGas. 111111 4002103 74

Gas 600 —199.6 70

- - : Gas 800 —188.6 66

TH T,_ X Gas 1000 —177.4 62
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ENEROVAISSUESH 2 Dependence and cost

World electricity generation 71 OliLXIE et

= olEx|Eel=2e
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nvironment

Global warming

The Greenhouse Effect

=
=]

=
e

Most radistion is absotbed

p Infrared radiation
and warms it iz emitted by the
y Earth’s surface.

=

; Temperature A.T:mal}' [
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=
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LEBDO 19040 1920 1940 1960 1980 2000
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SOMPIEMentas/ cooperation for future

. Renewable energy resources

il ¥ e o | /!
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| NS,
&7 and heat generation
f
Transmission

ond distribution

Non-renewable energy

(coal, oil, gas...... )

1. Depletion

Pumped
hydto yﬂomga

Renewable energy

2. Efficiency
3. Environment

‘ Renewable energy resources
I Smart ransmission ‘y‘:% Y \% /
J ond distribution Satorsoegy ' i\ X (I‘ it
% system confrol % | J (
i ’(- =
2 §; W e e
':“‘ - y >3 '.‘\‘
L 5 1

(’) (‘\ == ‘/'\
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d J \._) \_J

Centralised power

and heat generation

SN
A s

(sunlight, wind...... )
1. Cost

2. Discontinuity

S,
-----
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Storage Compressed alr

Elecfrification of transport
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Resources war

Energy depletion
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NONEFEneWeanle energy for future

Depletion problem (resources explore with advanced technology)

Shale gas Prediction of gas production portion

Coal-bed
methane

History 2011 Projections

- P 30
Conventional Conv'entional ® 25
unassociated gas associated gas R
3
= Shale gas
e
5 20
Impermeable Seal Rock c
S 15
. _ Sandstone i Non-associated offshore Tight gas
- Tight sand gas formation 10
EGas-bearing Shale Coalbed methané
Horizontal Well 5 Associated with oil
. Non-associated onshore

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

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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NOREREnewable energy for future

Efficiency problem (development of new type power plant)

Ultra-supercritical power plant Combined cycle power plant

Ultra"
supercritical

46

Supercritica
,P91 plant*

Combusﬂon
45

Common European/US™
Subcritical supercritical

Net efficiency [%]
£

T Te7a |28

42 5BC . |B60°C

41
Fuel Bituminous coal  Condenser pressure: 004 bar  LCV based

Ultra-supercritical and combined cycle power plants are expected to increase the efficiency compared
with conventional power plant.
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NONEreneweanle bergy for future

Environment problem

Carbon capture and storage CO, conversion (utilization)
Biochemical

—

& 0 o 00
- CH4,CO,H:.0O:
oo
TIOZ COZ, H.
CO, Storage "o Zforsev (H’.'OH
Reservoir Rock H&?O
co, — a;o
\ 9
Ny
[
C
A P
methane ethylene
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RENEWelIeenergy for future

Global Warming Energy

Greenhouse effect Deple! il resource
(CO:2 restriction) -w




Nanoparticle Technology

RENEWelIeenergy for future

Electricity generation from renewable energy (%) H 1t = JH0I L X121 2 X (2008)

2030 Hr’goux] vlF 11% S22 s4%8%

H s0-100

HHo|2 X4
M 50899 . p
& 70799 WIITIY Bcal) | (@997 Hoean 5-.'9"}'6
[ 60-69.9 7 .f, i |
[J50-59.9 bes
[ 40499 DA,
M 30-399 f}\‘ .l
M 20299 A Ly
M 10199 o7 30
M o9

In Korea, the electricity generation percentage from renewable energy is below 10 %o.
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---% Transport and storage
---» CO, emission process
---» Clean process

RENEWIEEnergy for: future

Energy sources Power plant

Fossil fuels

-
s
-
_—
-
——
_—

Electricity
Reforming

Water ‘
1 ‘ i @
. Hydrogen-richgas 4 \
R i T > Q»Refmg» ————— > -————>
Citygas(methane) ‘

L Q %’&3% ~ High efficiency (~ 85%)
& g Low price (~ 0.75 $/kg)
CO, emission

Water electrolysis

Cathode Anode
- +
D g
°
g

Electricity

CO, zero-emission
Low efficiency (~ 40 %)
High price (~ 2.56 $/kg)
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¢
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[eenergy for: future

Storage concept

Electrochemical
Capacitors

(Supercapacitors)

Power density (W/kg)

Batteries

Electricity

Fuel
Cells

10 1 10
Energy density (Wh/kg)

Water splitting
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- The Price?

-

. GOOD QUESTION!
I!

1

I

:

|

0.5 $/g v
25.1$/g

36.0 $/g

2\

1.6 $/g

- o'l

18.6 $/g 36.3 $/g 38.0 $/g

Water electrolyzer Fuel cell
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e ————————————————

RENIEVEIIIE ENErQ)

Cost problem (kinetic)

r

Fuel cell H, +0.50, — H,0

r =kC k=Ae &=/RT

reatant ?

Energy

For non-catalyzed reaction For catalyzed reaction

k — Ae—Ea/RT < k — Ae—Ea/RT

Platinum (Pt) catalyst for fuel cell reactions
Pt shell

> @
Pt
Product

>
36.3 $/g Lower price

Reaction progress
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