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Application of carbon materials
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Electric and Heat Conductions
= Conductor and Semi-conductor

Energy Storage : :
« Battery anode Environmental Protection

n Super Capacitor = Activated surface

= Gas storage




Appllcatlons of Carbons
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Characteristics of carbons

@ Thermal stability

@ High thermal and electric conductivities
SWNT, Diamond : 4000 W/mK, K-11
carbon fiber: 1100 W/mK

@ Small heat expansion

@® High thermal shock properties

@ High chemical stability

Y, IMCE, Kyushu University



Thermal characteristics of carbons
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(a) Basic Structure of (b) Turbostratic structure (C) Graphitic structure
Graphite (low crystallinity) (high crystallinity)
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Petroleum Exploration and Production, Refining

of Heavy Fraction to Very Clean Fuel

Coal Clean Coal Technologies
Efficient Combustion
Gasification
Liguefaction

Natural Gas Transportation

LNG or Pipe Line
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§ M Other renewables
=
® Hydro
Nuclear
¥ Biomass
Gas
M Coal
m Oil
0 - ' ' : .
1980 1990 2000 2010 2020 2030
Annual average increase rate
1980 2000 2006 2015 203088 5 0650
Coal 1788 2295 3053 4023 4908 2.0%
(tézw 551 580 633 064 ] ) .
R o 5— Three countries - U.S., China, and In
Pl 125 o080 3670 o dia - account for 75% in 2030

NuclearPower
Hydraulic Power
Biomass

Other Renewables

Approx. 45%
increase

IMCE, Kyushu University



Raw materials

Coal tar

Polymer: Thermosetting and thermoplastic
Heavy oll and residues

Biomass

Precursor

* Pitches: CF, ACF, MCMB, Ball type AC, Binder pitch,
Additives

* Polymer: AC, ACF, Glassy carbon, CF
» Cokes: Electrode, Capacitor, Battery anode, AC,

\h‘rﬂ

% IMCE, Kyushu University



Carbonaceous

Erom fossil tuel'to finctional carnons

resources

Petroleum

Side products

Heavy

v

residues

Advanced Carbon Materials for Energy Saving, Storing,

And Environmental Protections and Improvements

Effective conversion and utilization of fossil fuels and their residues

\ 4

C10*

A 4

Syngas

A 4

Coke

Energy Saving Energy Storing Eg\::)ré)er::rt?s:;al
Fuel Cell Battery Water
Catalyst Li-ion battery Purification
Separator Na-S battery Water conversion
Bipolar Plate Air battery NO;, PO,2 removal
Advanced Super capacitor Atmosphere
Generation EDLC for EV, FV  AC, ACF for DeSOx,

A 4

COG

< Tar

Char

Structural Materials
For IGCC, IGFC

Structural Materials
For Atomic Reactor

Hydrogen

H-storing Bombe

Light Weight

Methane

DeNOx, deVOCs

AC, ACF for
Sick-house gases

CO, separation &
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Classification of Carbon Fiber

8.0
2 -* 1000G
» Ultra High Modulus Type (UHM)
Young’s Modulus > 600GPa
6.0 : Tensile Strength > 2500MPa
I‘k T800H
» High Modulus Type(HM)
< °0 Young’s Modulus :350~600GPa
?5 T700S Tensile Strength > 2500MPa
~ T300J / ranac serie
s 40 / - <SS20PS | . Medium Modulus Type (IM)
S’ Young’s Modulus :280~350GPa
d Gfarjoc XN serie UHM Tensile Strength > 3500MPa
B 3.0
Q » Standard Modulus Type(HT)
2 Young’s Modulus :200~280GPa
3 2.0 LU Tensile Strength > 2500MPa
* Low Modulus Type(LM)
1.0 i Young’s Modulus < 200GPa
Kureha pFs Tensile Strength < 3500MPa
0

0 100 200 300 || 400 | 500 600 § 700 | 800 900 1000

Young’s Modulus (GPa)
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Carhbon Eiber

Major monolithic Carbon Fiber Reinforc
Plastic (CFRP) and Thermop! C
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CFEs for Construction
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Windmill

-

i

Gear box

Generator

Ansmomater
Controller

High-apeed
shaf

Wind power generation which has
become popular recently is
expected to require bigger and
bigger blades to have higher and
higher output capacity for each unit.
In order to support big size blades,
use of CFRP becomes vitally
necessary. And as the material

for high speed rotating body for
fly wheels which are attracting
public attention as a technology
to store energy effectively based
on theory of top spinning, use of
CFRP is becoming popular.




Carbon is key element for Batteries !
@Li-ion ®@Dry Battery

[Cheap]
m [Easy Avalilable]

"Llrggi. [High capacity]
"'jﬂl'ﬁ 2 j

(+) : LiCoO2
(-) : Carbon(Graphite)
Conductor :Carbon Conductor :Carbon

@Ni-MH

[High power]
[Total balance]

\h‘rﬂ
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lonic liquid (IL) Li polymer battery
Solvent free Li-ion
conducting membrane
(e.g. PEO/LICF;S0,)
| |

Metal
oxide
HTO Hard ¥ (SnO)
carbon
LiFePO,
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i (™
Graphite Interface ~
Nano-
(Electrode- *

[ Electrolyte) structure
Electric I \\
Vi Coating on \\

carbon N
LiFePO, \\‘ Lo
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Anode ~~,

Cathode

Electrolyte
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EES5 T PrtHE N

Structure of Lithium—ion Battery

H

Cathode cover Cathode lead 5 e & i &
co P e (=710 A2 %ﬁaﬂ@ (B3 -1 (h-1)

Insulator

FHUD LE Z5ih -
CEVZ =) AR

Insuator—
Center—

Pin " oner | hadsiead BIR(FFUD LER)
B8-7ILi T8
IE % (FiE )

PR A 5

E Whikg]

|

| ¥ = Application

requirement

5 bY /BN R/ EEMRALH A LRI

IMCE, Kyushu University

BARFHARMRERMEL



Small fuel cells

Tsiathiuigh Was Blicit

DMFC for portable and mobile applications S YAMAHA

TEH
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http://www.hitachi-chem.co.jp/kozai/ipo/products/jdata08a.htm
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Characterization of ACF purification

ACF o
=

\& IMCE, Kyushu University
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sSun fright (Selar Cell)

|
Reducti

SI0; | “pgent ) S

Silica reduction agent
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Purificatic Carbonization
sizing (Char)

Indonesian —_—

mangrove Wood tar

Coal tar or Hyper coal
With small ashes :

SiO, reducing agent Silicone growing furnace

\& IMCE, Kyushu University 37
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IGCC & IGEC

High Temperature Gasification Reactor & Fuel Cell

The Higher Temperature the operation, The higher Efficiency.
— Carbon structural materials
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Advanced carbons rom Biomass
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Selection of Precursor Carbonization — Calcination —-| Graphitization

L Forming ——— Stabilization

Gasphase catalytic L - . .
Non-catalytic Activation-Heat treatment

| Nano-sized carbon (CNT, CNF, Fullerenes)
Carbon Powder and Film

Preparation of Composite

Carbon and Pitch

Polymer —— Forming —| Heat treatment
Metal

Ceramic

Carbon Growth on the Substrate

X\y IMCE, Kyushu University
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Phase of reaction Structural units Applications
Heat treatment : _— Molecular : : From
Temperature Vapor Eele Ll Structures Lo g’(‘)‘;ﬁ; Domain Pore From solid and liquid
(C) vapor phases phases
Organic materials Organic materials Micro-
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Heat treatment Phase of reaction Gas Chemical and Molecular
. .. volatilization Physical changes
Temperature (°C) vapor  Solid Liquid olatilizatio y g Structures
Organic materials Organic materials
! H20 : .
200 | g . . _
-y ! Low mol. Paraffin or Olefins Main chain rearrangements o, 58
bs Radical —— : Aromatization, Condensation o
a Pyrolysis Aromatization » Low mol. Aromatic carbons Polymerization, Cross-linking % ¢
; Crosslinki Polycon- Coking el ool
rossliNKING  gensation iys
R CH4, CO, NO2 Devolatilization 82y
0 CLNIEE  Ccoking  ----% H2S, CO2 Crack nucleation % =
= 6E0US H2 etc. Stacking start 5 %9
A/ = Maerials Loss of viscosity (Inorganic Mat.) N
600 3 y {inorg '
=
%. Bhbl 2 I(_:|(2) co2 Removal of heterogeneous atoms
> Hzé Dehydrogenation
1000 Micropore nucleation
=8 a0 La increasing
s} Carbon H2S
= Materials T ggzN Removal of heterogeneous atoms
N2 et Lc increasing
ete. Reducing micro pores
2000 Ho

\& IMCE, Kyushu University




Carbonaceous Advanced Carbon Materials for Energy Saving, Storing,

resources Side products And Environmental Protections and Improvements

Effective conversion and utilization of fossil fuels and their residues

R Heavy . : Environmental
Petroleum "I residies Energy Saving Energy Storing Brotactions
Fuel Cell Batter W ater
c10* &
Catalyst Li-ion battery Purification
: Separator Na-S battery Water conversion
»  Syngas
g Bipolar Plate Air battery NO;, PO, removal
Advan Super capacitor Atmosphere
gRgtaron EDLC forEV, FV  AC, ACF for DeSOx,
Structural Materials DeNOx, deVOCs
- COG For IGCC, IGFC | Hydrogen AC, ACF for
Structura_l Materials H-storing Bombe Sick-house gases
For Atomic Reactor
Tar CO, separation &
Light Weight Methane Concentration

TEH

\& IMCE, Kyushu University




Origin of Structural Units And Crystalline Defects

; ; Heat treatment
Organic materials > Carbon
Basic structural units > Micro domain 4~ 6nm
2 ~10 nm Orientation Coagulation
Rearrangement Partial melt fusion

v

Domain Modified Structures

Gas

Liquid
Solid — Varieties of structural unit

} Carbon or carbonaceous materials—

Y7 IMCE, Kyushu University
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“Structural comparison of mesophase and PAN based carbon fibers”
IMCE, Kyushu University S.H. Hong, S. H. Yoon, I. Mochida Carbon2006. (2006. 7) England,q
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Before heat treatment éif:.ﬁiz ) . : ':3 ;fi:{"-'»'i;{:_'
A eaadi'an TeonEses 5% weiten
oo A5 i b
Not or very slightly Partially Fully
fused microdomains

fused microdomains fused microdomains

After graphitization

Glassy Carbon

%\?ﬁé& IAMS, Kyushu University “Axial nano—scale microstructure in the graphitized fiber inherited from liquid crystal mesophase pitch”

Carbon, 34, 83-88 (1996) S. H. Yoon, Y. Korai, K.Yokogawa, S. Fukuyama, M. Yoshimura, I. Mochida
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Nano

Productions

Applications

Structures

 Structural units
» Nano-phased units

-4

Surfaces

* Edges

(Kinds and amounts)
» Basals
(Perfectness and
Orientation)
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C'~C3 exhaust Gas

Starting Materials

m Coal Tar Pitch

Purification Qi, Ashes removal
| 4 rl L L
Catalytic Pyrolysis Halogen Treatment Hydrogenation

] I ]
5 !

A 4

Y

_ o

Studying Points

Carbon nanofiber

Modifications Spinning E. Spinning Sizing
|

A A *
Stabilization > Activation

A

Carbonization
Graphitization

|
o o ([ E

Electric Air Pollutant Fuel Cell Battery, Capacitor
Desalination Removals Electrodes Electrodes

Light Weight
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Purities ot Advanced Materials

* High performance pitch based carbon fibers:
less than 50 ppm

« Capacitor : less than 500 ppm

* High performance needle coke : 500 ppm
« Carbon medicines: less than 300 ppm?

« Carbon anode for LIB: less than 100 ppm

\& IMCE, Kyushu University
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Kyushu University and Mitsubishi Gas Chemical Co.

Catalytic Condensation of Aromatic Compounds into Oligomers [}

Non-hydrogenation Condensation: Naphthalene Rings

Inheritance of Stacking Structures

Aromatic Rings

Hetero-atomic Constituents in the Reaction Substituents

:> Aromatic Resin (AR)

Mesophase Pitch

——> Large Variety of

Mesogen Molecules

* Removal, Recovery,
and Repeated Use of
HFE/BF, Catalyst

IMCE, Kyushu University

Recovered HF/BF 3

Pre-chamber: Naphthalene + HF + BFy >>> NapHBF,
Reactor: NapHBF4 + n(Nap) >>> ARHBF,
Decomposer: ARHBF4>>> AR + HF + BF3

Molecular Weight

T T

[FOC-D0) E‘l) alkylhenrene

Bax 23R

naphihalene methylnaphthalene

2% B

anthracena phenanthrense



Relationship etween the structures and mechanical
properties in carbon fibers

Problem: Low Compressive Strength > Restriction of CFRP Application

“Pleat structure of mesophase pitch based carbon fiber”
S. H. Yoon, Y. Korai, |I. Mochida Carbon, 32, 1182-1186 (1994) 55




Viechanical' Properties olr Carbon FIvers

o O PAN-CF
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- “Structural comparison of mesophase and PAN based carbon fibers”
IMCE, Kyushu University S.H. Hong, S. H. Yoon, I. Mochida Carbon2006, (2006, 7) England o7




Nano-carbons

Zero dimension
Fullerene Basal surface
Nano-size

One dimension
CNT Basal surface
Nano-size

Various surfaces
CNF and structures
Nano-size

X\y IMCE, Kyushu University

Su. )

High price, very limited application
Mass-production (Solved)
(Frontier Carbon)

Relatively high price (Under study)
Patent problems (?)
Mass-production

Limited application

Relatively low price
Patent problems (Solved)
Mass-production (Solved)
Various applications
Large diameter (Solved)

Relatively low price




Standard CNFs

PCNF, HCNF, TCNF
'Accordion CNF

A

Target optimized CNFs

Small CNF,

High SA CNF,

Highly Graphitic CNF
Highly Dispersive CNF
N-doped CNF

A

A

CNF functional composites

CNF-Si, SiO, TiSi
CNF-NG, CB
CNF-SiO2, CNF-MgO
y

A

Metal & Metal Oxide Nano-chain

IMCE, Kyushu University

\ 4

Mass Production of CNF

Batch process
Pressurized Process

CNFs from Waste Gases

A 4

Structural Modifications

Mesoporous CNFs
Activation

Electric oxidation

Electro-spun CNF

Indoor pollutions
Dilute NOx



Standard CNIES

\& IMCE, Kyushu University

Sample # Properties Applications Etc.
KNF-SPR - P'ater']‘:td i, kg | 709/H
Platelet [t ol P AL
el od dgo, 3.36A ’Lc(002) 30 el
002 = om fitiERU/PCNF
KNF-SH  Hernabone iy, xgy | 1000/
Herring- 20 ?SSSr acesielzo Jik, WA A, AR
bone mnzr/g’ &, FED
1., 3.45A, Lc(002) 3 nm $1)DMFC HI PtRufi:
R LI
KNF-ST _Tubdlar e g, msR, | 209/
Tubular th:i‘gvxﬂ';p‘m”egps RIS (5, il
mRd '| 20 ~ 50 nm, SA 90 m¥g
P dog» 3.37A, Lc(002) 13
nm
KNF-FM woular, hollow | i spppr pgsetn | 209/
5~15nm, 4 -7 walls _




Preparation of uniform graphene disc
Step—by—step cutting of graphenes of platelet carbon nanofiber (PCNF)

PCNF consists of nano—sized platelet structural
units stacked perpendicular to fiber axis.

The plate unit has the thickness of 2-3 nm
consisted of 6—-10 graphene layers.

Platelet CNFs Consisting of g
Hexagonal Plate-type Units

Graphene

«
«
<
il
<y




Chemical reduction of GPCNF oxide
Hydrothermal reduction using NaBH, at 130°C for 5 h

Oxidation 0 200000 D X Sonication X Reduction

[ \-x
' oooouooo > x '

&, Kyushiu University




Hydrazine, ammonia

Hydrothermal environment

Nitrogen-doped graphene

samples

N/C
(at./at.)

samples

0/C
{at./at.)

C (wt%) H (wt %) N (wt %) 02 (Wt %) N/C
(at./at.)

48.05 0.0018
13.13 0.074
13.52 0.064
10.61 0.055

8.64 0.051

N distribution (at. %)

395.7£0.3 398.7 £0.3 400.3 £0.3 401.4:0.3
eV eV eV eV

0/C
(at./at.)

0.72
0.12
0.12

0.091

0.077

402-405 eV




Preparation of mesoporous HCNF and TCNF

=
=&




4. Electrochemical applications

TCNF oxide

TONE (o—-TCNF)

PU-TCNF

Intensity (a.u.)

Pt@PU-TCNF

40 wt% Pt loading

Pt@TCNF
Pt@PU-TCNF

]
&




Functional
Material

Adsorption

Support
Electrode
Filler

etc.

Improvement of
Functions by
Growing CNFs

Pretreatment of

Functional

—

Material

Function improvement

EEE Function Hybridization
i Novel Function Creation
Surface Catalyst supporting CNE Growth
l{ '\r‘:& ? /'
VAo s ]
— a 12 A




Varous CNE CompoSITtES

\E.,a'_;,// “Surface Control of Activated Carbo?] I;ibe; by Growth of Carbon glanofiber”h "
i i Seongyop Lim, Seong-Ho Yoon, Yoshiki Shimizu, Hangi Jung, and Isao Mochida
7 IMCE, Kyushu University Langmuir; 2004; 20(13) pp 5559 - 5563




RPYIGIVICTCaONncCoated SIECNE COMPOSITE

Pyrolytic carbon Fe catalyst
l/ Carbon nanofiber

/

Pyrolytic carbon

Step | Step 11 Step 111 Step IV

l

= P/C provides the catalyst
to be impregnated easily = Strong bond bet. Si and CNF

and strongly on Si surface Effective to relieve volume expansion = Re-coated p/c improved initial efficiency
(Good cycle life) by the decreased surface area, and
v showed good cycle life

Al ()f'm'.) n/g coared Si-CN ¢ ompos fre

fr', 12 \ r ‘) 1')4‘ ’«’
~; IMCE, Kyushu Jhlve\’sft(y ne '”1 roved reverstp
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Resea I’Ch SCOpe Of YOOh’S Lab ® Synthesis and applications of functional materials

® Energy and environmental engineering

- Outline and Interrelation of Research Topics

Advanced Catalytic Reaction Environmental Preservation

Adsorptive Reaction: DeSOx, DeNOx
Selective Ads.:VOC, CO2, Black carbon,

T Sick house gas, Nano-particles
Gas storage and separation: CH4, H2

—— Catalyst Preparation _I I

Metal, Oxide, Complex, Oxygen, Microorganism

v

Liguefaction - gasification
refining and reforming A |
4 ’
Calcination Functional Carbons Functional Composites
Graphitization
Activated Carbons and Fibers (AC, ACF) .
Carbon Fibers (CF) . Cipftanposies
Composite AC, ACF Adsorption
Refined P Needle Cokes Artifact
€line re_cursors Green Cokes and Calcined Cokes i .ac . Electrode_
Gas Qils —> . . — Carbonization —» Cokes, Binders
Binder Pitch CVD .
Mesophase Pitch Mixi ENF'Com.p?S'é?S .
\ M ficati Carbon Nanofibers (CNF) IXing ano-pgrtlc € fc_Jmposnes
eso-fication - __ Fullerene and its Derivatives [NETEEITIS NEMEI e
Carbonization x
8?7""8' r?nlf Petroleum (ijdroc_:al;aons_ I Chemical, Electrochemical Modification
IS rganic Materials Composite and Functionalizing
Tar Biomass

Fundamentals of Carbon Engineering Advanced Materials

Carbon Structure Fundamentals : modeling and functional prediction of High Functional Li-ion secondary battery Field Emission Display
structural units of CF, ACF, and CNF Supercapacitor Materials Transparent Conductive Films
1 Control and Uses of Surface and Pore Structure Desalination: fresh water making EMI Shield, Sensors
| Thermal and Electrochemical Characterization of Carbons Fuel Cell Catalysts, Separators ER Fluid, Nano-fluid




Effective Utllization ofi €Coals and ' BIomass

A RRYPERER

Jcoal Journal Vol.1 2005 Cover

IMCE, Kyushu University 70



Stacked Structure ol Catalystfor Petroleum

\& IMCE, Kyushu University



W

é R
Era of nano-carbons are almost finished. Only special applications are promising!
\. S
-
Era of GOOD Raw material to GOOD Product are almost finished. China and other
. developing countries will take over whole markets! )
4 N\
Era of BAD Raw material to GOOD Product are coming. Developed countries only have
L chances on such materials )
4 N\
Novel carbon, if it can be found, still has a chance to change the paradigm.

L But what is that? )

Nano-carbons Fusion Conventional carbons
(Concept, methodology) . . (Waste Materials)

New carbon materials, New processes for manufacturing, New markets for carbon
applications

C\-u‘/ LiViN i, |\yuo||u UIIIV\.,IQILy



New Carbonaceous Materials Technology

New feasible technology to solve urgent energy and environmental
problems which fusion conventional fuel science, carbon technology
and nano-carbon technology.

Fossil Fuel Science & Technology Conventional Carbon Technology

« Petroleum Chemistry, Technology - Carbonaceous Materials Sciences
- Coal & Biomass Sciences » Carbon Technology
« Catalyst, Mining « Carbon alloy science

» Activated carbon science

| Nano Carbon Technology
\/ * Nano structural concept

» Nano technologic method

Why New Carbon Technology through the fusion
of Conventional and Nano Carbon Technologies ?

|
4 IMCE, Kyushu University




conclusion

« Carbon is Key Materials for Energy and
Environmental Devices.

« High Utilization of Fossil Fuels and Their Bi-
products is most urgent task to solve.

* New Structural Concept and Producing Method
Can Increase the Industry Realization.

 Best Structure Must Be Selected For Each
Objective and Prepared.

» Preparation step (Selective and Controlled Synthesis)
» Modifications

It IS time to re-innovate!

/’ IMCE, Kyushu University



1. RRMHPEIRNF—-RBRET /L ADKeyeTV)7
VLB HEDFIE. MEOMELSERES.
(ER-JEE)

2. ERERZIBPTICIRESTRIES LD ?

RF=MICH L ZBATEIFRELTHARB(MIERIE)
EEmME(ERME )DHB. ThTheHMAEL.

- IBHER: ROVKKEET
- Word ProcessorffH ¥ i fERE I DL,
® A4 1&?‘?&*6:&0

\S% IMCE, Kyushu University



