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Seim ik BMBAR DNeeds&Seeds

18 000 7

Mtoe

16 000
14 000 -
12000 -
10 000 -

M Other renewables
. W Hydro
Nuclear
¥ Biomass
Gas
M Coal

u Oil

2030

2020

Three countries - U.S., China, and
India - account for 75% in 2030

0 - ‘ .
1980 1990 2000 2010
Annual average increase rate
1980 2000 2006 2015 2030 ,006-30
Coal 1788 2295 3053 4023 4908 2.0%
(Us) 551 580 633 06% |
(China) 1214 1898 2441 4.0%
(e 223 315 579 6.0%
PetroleumOil 3107 3649 4029 4525 5109 1.0%
Gas 1235 2088 2407 2903 3670 1.8%
Nuclear Power 186 675 728 817 901 0.9%
Hvdraulic Power 148 225 261 321 414 1.9%
Biomass 748 1045 1186 1375 1662 1.4%
Other Renewables 12 55 66 158 350 7.2%
Total 7223 10034 11730 14121 17014 1.6%

Approx. 45%
increase
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*Marked Increase of Energy Demand in Asia and Africa
in 215t Century

¢ Population x Demand/Head

** Three to Four Times of Current Demands of Fossil
Fuels = Increasing By—products of Fossil Fuels

Issues
¥ Supply
¥ CO, Emission Enhances Global Warming

¥ Effective utilization of by—products of fossil
fuels

¥, KYUSHU UNIVERSITY




Raw materials and precursors for carbons

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,
Additives

« Char: AC, Additives, Reducer for Solar cell

¥, KYUSHU UNIVERSITY



From fossil fuel to functional carbons

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

- Heavy . : Environmental
| residues Energyaadng Engrgy: Staring Protections
: Fuel Cell Batter Water
c10* &
Catalyst Li-ion battery Purification
_ Separator Na-S battery Water conversion
»  Syngas
g Bipolar Plate Air battery NO;’, PO, removal
- k' Sl Advanced Super capacitor Atmosphere
N Generation EDLC forEV, FV  AC, ACF for DeSOx,
Structural Materials DeNOx, deVOCs
N COG For IGCC, IGFC Hydrogen AC, ACF for
Structural Materials — - - Sick-house gases
For Atomic Reactor H-storing Bombe
—3 Tar CO, separation &
Light Weight Methane Concentration
) - . Carbon Fibers Methane storage
Biomass " Char Synthetic Carbon

KYUSHU UNIVERSITY




Carbon Isotopes

Bonding : :
Hybridization  Allotropes  Derived and Defective Forms

Diamond-like Ca pon

Poly-
crystallin

Cokes and
Carbon Black Activated \
Carbons Carbon Fibers

G

‘Toroidal Structures _Acetylene Blacks

Buck Onios

rehybridization &8 Nanotubes

Fullerene

Ref.) Bourrat, X. Structure in Carbons and Carbon
Artifacts. In: Sciences of Carbon Materials. Marsh, H.;
Rodriguez-Reinoso, F, Eds., Universidad de Alicante,
Carbyne 2000. pp1-97.

¥, KYUSHU UNIVERSITY
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Al (3550 °C)
S 5073 OK
(4800° C,)
b ER 355.8 kd mol!
SDIENDRE 18350 m ! (293.15 K)
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http://ja.wikipedia.org/wiki/%E7%9B%B8
http://ja.wikipedia.org/wiki/%E5%9B%BA%E4%BD%93
http://ja.wikipedia.org/wiki/%E8%9E%8D%E7%82%B9
http://ja.wikipedia.org/wiki/%E3%82%B1%E3%83%AB%E3%83%93%E3%83%B3
http://ja.wikipedia.org/wiki/%E6%B2%B8%E7%82%B9
http://ja.wikipedia.org/wiki/%E6%B0%97%E5%8C%96%E7%86%B1
http://ja.wikipedia.org/wiki/%E9%9F%B3%E9%80%9F
http://ja.wikipedia.org/wiki/%E3%83%A1%E3%83%BC%E3%83%88%E3%83%AB%E6%AF%8E%E7%A7%92
http://ja.wikipedia.org/wiki/%E3%83%A1%E3%83%BC%E3%83%88%E3%83%AB%E6%AF%8E%E7%A7%92
http://ja.wikipedia.org/wiki/%E3%83%A1%E3%83%BC%E3%83%88%E3%83%AB%E6%AF%8E%E7%A7%92
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TEANF RIS | RbEE (C) F52 W5 2E BE D
A& | 400 B21E
KFIP 700 B21E

KFRTIADP 1,100 CH47J A
HZIEp 2,200 =4t
ERIDAP 2,500 CoN2
Al 800 AlCs
B 1,600 BaC
Fe 600-800 FesC

w 1,400 | W2C, WC (kZE|D)

¥, KYUSHU UNIVERSITY
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Carbon Steel _
8 —' \JJ-A"O\:’
—=
Lkt
B ||
Ti-Alloy
— SiC
4 Si;N
=0 | D13y
Al-Alloy Ti-Al E—
) - *IB lass-Ceramics |
1 |Polyimide
= y
Epoxy
0 |
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Phase of reaction Structural units Applications
leat tecitment Vapor Solid Liquid Molecular Cluster Micro Domain Pare Erom
Temperature P q Structures — From solid and liquid
(°C) omain vapor phases phases
Organic materials Organic materials Micro-
T i domains
200 — ' 0 raw
iR ! ?@ materials
= Radical s Sesl
:“5 Pyrolysis Aromatization . o T
Polycon- :
Crosslinking : Partial
: densation merger
500 _| Nucleation of Micro- —
Q Carbona- Coking --F> ofcluster  domains Carbons
=} ceous 4 Nucleation (Coating R
o 1 rals o . e
v 2 materials ]?r don?an? Nucleation | C/C etc)
600 5 : v Y IETEEL  4F micro-
2 of micro- e Adtivied
@ 'y - ¢
= . ] domains .
=X Y Fibrous carbons
’ = carbons|
1000 _| Glassy Needle
o 3 reasi L | orhard [ | ’
‘I}TE “arl Srisimge oF ];ngzsﬁiﬁ DLE carbons coke
Carbon metamorphosis ok Carbon
Materials -~ of micre- fiber
1500 domain,  Shrinkage or (HT)
T T metamorphosis
increasing of domains
2000
¥ - , , R
E{ -1-» Le(112) Glassy | Carbon
1 E Graphites increading iith s (f';l;ii)
* 2000 Li
- Electrodd 1
battery c/C
v v v v HOPG

g 2 KYUSHU UNIVERSITY

11




12

RFBILTOCR R
7utAx |JH Bt R F Mk i 1
SAHRAL | B TEAE Y H—R 7Ty | KL
BN R ER SR M S
H—TR A AT — | EREE . EEE M,
5 LR
WAL | IRRA R IE | =2 — 7 X 5 2 7
Y. EEA R | NE B m/\jﬂ% = e
EmEEE RSN |H I a8 E
EIAHRAL | A Bl S HE TR A | R AR R e L
) T ZIRER TR EFREE . U A RIS
A LS | TEMEER AN WAE
A, FEE@MEI L2 T —0—7 ﬁj\%fpéb\

A1 bR

=R

¥, KYUSHU UNIVERSITY



13

VGCF.CNTOREETIL

=K
K N Tk -

” SIS LSS 77

(b) (c)

T. BairdETIJL; (a)—(b)—(c)DIEIZRHKE

W, KYUSHU UNIVERSITY



B E g7 A L IR S D #EAE -

{5 AANIEEE S
5] EBIBE S =

BEHEYF AYT7z—X AYI7z—X KERE-AK
ExmmFEE BkEm & NILGAYYT—X

FRE | —> %, s @ —
MA%

Al ﬂ"é‘&’ﬁ"’“é‘-&
CHa

CHs '
. C‘»C;;OO < Q’ SHIE| [

ﬁtﬁ/ﬁaﬂﬂ —>| 272

Q &
VI T T 5 S RN ERE| [F712
HiCrg g Hsg% CHs 'Q mEey |—|
ﬂ w a—7 2
“150400 ‘ A~ ¥

T4 RIS L (F £ 1)

¥/ KYUSHU UNIVERSITY




BRRIEDREELLT/ R F

15

4 1] =2 i f i Hs D A H %
CH:0H
# 5 ARIRFE
x| T | wero-z Q m T Besite
EBUX o T =T H iR
CHoOlI n it i d e
7z )—N-RNVAT AT b F#ER o H I ARKER
OH /n
#AE i
707 ) IVT v 3 — AR ol 4 I 2 7 7 ARRBGR
7 = =N~ > bk 0 n #T ARG AR
SR E YV ATV 7 B i P ERE R
& K
RYRFV > o %
C—C n
AT RYTEF ~~(CH2),—CONH¥+ | @ IR FeHk e
K72 )w=}1) (PAN) +C-C-CN}+ A (Eos L) SRR HE
BY#E{ke=1 5> (PVDC) ~~C—C-Cla ¥+ i i EV X Td——THh—K>
F)Eike=n (PVC) +C—C-Cl)x il # B A HE
RNE=LT7ra—n (PVA) 4C—C-0HY)» HCl# A TFE w F4t | Bk
|2 K o W vy 5 ARl (AL % A IFAEHE

KYUSHU UNIVERSITY




16

RFRDIEE

W, KYUSHU UNIVERSITY




LC

W, KYUSHU UNIVERSITY



18

faeam S mEEhRORE®
(002)E &d (oo (110)Em&do) 2

d¢11o

¥, KYUSHU UNIVERSITY



19

BRYOMRBICKSHEE

| BER kA B | | mRiBE | ReMeBiE |
LIE #H
ESF
£/R® H,0, CO, CH,, H,
1 1 1 | ‘
| |
500°C 1000°C 1500°C 3000°C
SR " "
st |0 #er || wwo  memm [T
ERa  |&| WK | x| ®#E REEIE | o

ﬁ,ﬁlﬁ ﬁ %ﬁ{:}‘”ﬁl*& q

W, KYUSHU UNIVERSITY



RWBREICLSHERBELEIL

£én

20

W, KYUSHU UNIVERSITY



Nanoscopic Structure of PAN Based CF

- Cross-sectio Outer surface
T Y AT D AL 1

10.0 20.0 30.p

o0

Domain Domain
arrangement in  arrangement in
Pitch basedCF  PAN based CF
Domain Domain (Cross-section)  (Cross-section)
arrangement  arrangement
in Pitch based in PAN based
CF CF

“Structural comparison of mesophase and PAN based carbon fibers”

W, KYUSHU UNIVERSITY . Y 2L
S S.H. Hong, S. H. Yoon, |I. Mochida J. Material Sci., in press (2011)



STM images of ACFs -

In order to remove oxygen containing functional groups for removing the heterogeneous effect of STM,
OG7A and OG20A were heat-treated at 800°C in a hydrogen atmosphere ( H,/ He =1/4).

OG7A 800H OG20A-800H

—3 1 ]

Channeling ™
pore =

s - (Inter partlcles ¢

&Vacant spaces between the two domains of OG20A are larger than that of OG7A.

sDomain size of OG20A is a little smaller than that of OG7A.

&Slit type pores were observed in domains of OG7A and OG20A.

&It can be presumed that almost pores larger than 2nm nucleated by the inter-particle

W, KYUSHU UNIVERSITY
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What is the synthetic carbon!

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 |
o Carbon or carbonaceous materials—

Liquid

Solid — Varieties of structural unit

;

Heat treatment

¥, KYUSHU UNIVERSITY



Basic structure and structural control of carbon

Before heat treatment 5;.0..

.'¢“ “"nr
-:;'.:’:as
.ﬁ"’ r'.. 1
s "":.-g:.
.ﬁ!" A
T

Not or very slightly Partlally Fully
fused microdomains fused microdomains fused microdomains

B
*‘%’?*

After graphitization

Glassy Carbon

%ﬁ% IAMS, Kyushu Unlvers|ty ‘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



http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TWD-3VSKR0X-9-1&_cdi=5560&_orig=browse&_coverDate=12/31/1996&_sk=999659998&view=c&wchp=dGLbVzb-zSkWz&_acct=C000009658&_version=1&_userid=131115&md5=70d4b168a45b8d208f4c71f67c67d4ae&ie=f.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TWD-3VSKR0X-9-1&_cdi=5560&_orig=browse&_coverDate=12/31/1996&_sk=999659998&view=c&wchp=dGLbVzb-zSkWz&_acct=C000009658&_version=1&_userid=131115&md5=70d4b168a45b8d208f4c71f67c67d4ae&ie=f.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TWD-3VSKR0X-9-1&_cdi=5560&_orig=browse&_coverDate=12/31/1996&_sk=999659998&view=c&wchp=dGLbVzb-zSkWz&_acct=C000009658&_version=1&_userid=131115&md5=70d4b168a45b8d208f4c71f67c67d4ae&ie=f.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TWD-3VSKR0X-9-1&_cdi=5560&_orig=browse&_coverDate=12/31/1996&_sk=999659998&view=c&wchp=dGLbVzb-zSkWz&_acct=C000009658&_version=1&_userid=131115&md5=70d4b168a45b8d208f4c71f67c67d4ae&ie=f.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TWD-3VSKR0X-9-1&_cdi=5560&_orig=browse&_coverDate=12/31/1996&_sk=999659998&view=c&wchp=dGLbVzb-zSkWz&_acct=C000009658&_version=1&_userid=131115&md5=70d4b168a45b8d208f4c71f67c67d4ae&ie=f.pdf
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Understanding carbon structures:Carbon nano-world

Nano

Structures

 Structural units
* Nano-phased units

+

Surfaces

* Edges

(Kinds and amounts)
* Basals

(Perfectness and

Orientation)

\

Productions

Applications

_
Improving
Performances
and
Functions
_
Creating
New
—Functions

. h\
ma
P

KNS
O wigh &
#urlghns

es

*¢

¥, KYUSHU UNIVERSITY
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Electric and Heat Conductions
= Conductor and Semi-conduct

Energy Storage - '
gy J Environmental Protection

= Battery anode
= Super capacitor
= (Gas storage

= Activated surface

¥, KYUSHU UNIVERSITY
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Carbon Fiber
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i Composite Solutions Applied
4 Throughout the 787

Composites

Carbon lamin:
[T ate 0%

[ carbon sandwich
Il Fiberglass

W Aluminum Aluminum
[[] Aluminum/steel/titanium pylons 20%
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Battery, Capacitor, Atomic and Coal Power Plants

oo w408 : BfkmsFiE PREHE L —%—
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Graphite Electrode

a3
Machining

Crushing l Graphitization

l Screening &

Products

Calcining |

Forming

Q\\WZ KYUSHU UNIVERSITY
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° oor—» #— Pull Chamber

Vo 8BS i
BE )R Gate Valve I 1 To Sub-Vacuum Pump
O - . L
AHBF 28 \ Dia Detector
(98 1 Temperature
RIS Sensor Main Chamber
e jgpiss WindoS o Upper Support
o . uch
H5527AF Lk Reflector- _ Quartz Crucible
R BR—F Upper Shleld\\ L Crucible
ZAENEL - Inner Shieldy | Heat Insulator
Temperature 1 —
X Sensor Heater
Lower Shield-] | in g;‘;‘;'g':
P Lower Support
AN

Electrode

Pedestal 1, \/acuum Pimp
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Air Purification Using ACF (Remote Watching System)

A
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EEHMXIAREREZAWNV-REMOEEEE
C1~C3 exhaust Gas m Coal Tar Pitch

. . De-H,S - . Qi, Ashes removal
Studying Points Purification ’
v +_| I v
Catalytic Pyrolysis | | Halogen Treatment Hydrogenation

T T T
5 !

A 4

Y

Modifications Spinning E. Spinning Sizing
|

3

Stabilization > Activation

Carbonization
Graphitization

|
. . Electric Air Pollutant

Needl cokes
Activated cokes

Fuel Cell Battery, Capacitor
Electrodes Electrodes

¥, KYUSHU UNIVERSITY
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Anthracite Graphite Coke

Binder
Pitch
Silos
g’i"dlng & o _Iu)llllSrUShlng ‘
= e >E Mixing
F"Illﬂs_}
\c'- u‘-l Screening /%\ ‘ _,‘____,Eorming
Grinding .
Pitch
Storage bins Impregnatiaiion
! . g Baking
Classified n -—— g
Fractions ' re
Weighing "
Graphitization Machining Finished

product

W, KYUSHU UNIVERSITY
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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

W, KYUSHU UNIVERSITY
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Method Principle Advantage Disadvantage

Decreasing viscosity by heating or
solution
Mesh filtering of QI

@ Filtering
(Heat, Solvent)

Only QI Removal

No heavy fraction removal GO GO

Decreasing viscosity by heating or

@ Centrifuging solution Only QI Removal Large equipment X
(Heat, Solvent) Centrifugal condensing of QI No heavy fraction removal ge equip

@ Solvent - Mixing of miscible solvents -
Precipitation Precipitation removal of QI - SERIEAT

@ Non-solvent Mixing of non-miscible solvents . .
Precipitation Precipitation removal of QI Large equipment OK Heavy fraction removal

* It is relatively easy to remove QI in lab scale.

* Ql removal in the industrial scale
» Very difficult to remove finely dispersed QI from large amount of viscous liquid
» Only success in Japan

Japan several ten thousands ~ hundreds tons/year scale

KYUSHU UNIVERSITY
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Needs and Seeds of Carbon Fiber *

® High Performance Carbon Fiber(HPCF) : CF with TS over 3500MPa
- CFRP for lightening :
Transportation: Aerospace (B787, A380,...), Military, EV (EV, HEV,
FEV: Parts need special properties/performances)
Sports, Robotics, ...
Energy Devices: Windmill, ...
Construction: CFRC, Supplement
® Middle Performance Carbon Fiber(MPCF) : CF with TS of 1500~3500MPa
- CFRP Application: CF with TS of 1500~3500MPa, Long Fiber
Transportation: Main Body for EV (EV, HEV, FEV)
Construction (Short Fiber = CFRC)
® Low Performance Carbon Fiber(LPCF) : CF with TS Less Than 1200 MPa
- Refractory Materials for High Temperature Devices (Short Fiber)
- ACF for Environmental Protections

=Strong demand of MPCF with appropriate mechanical properties and
production cost for broadening novel market;
Pitch Based Carbon Fiber Can Meet of the Carbon Fiber.

¥, KYUSHU UNIVERSITY
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Production Capacity of PAN CF in the world

Company T/Y
Toray 17,600
Toho TENAX 13,900
Mitsubishi Rayon 71,400
etc. 16,400
Total 99,300

* Capacity for less than 24K, 2010

¥, KYUSHU UNIVERSITY



Current State Production Capacity of Pitch Based CF

45

Company TY Type Precursor Pitch
Kureha 1450 | Short Isotropic
Osaka Gas Chemical 600 | Short Isotropic
Mitsubishi Chemical 1000 | Long Mesophase
Japan Graphite Fiber 180 Long Mesophase
CYTEC 230 Long Mesophase
Total 3460

* 2010, (From HP Information, China: 200T/Y, Isotropic)

¥, KYUSHU UNIVERSITY




Specific tensile strength and modulus of various reinforcing fibers 40

30
High strength CF

25 -
T PAN _
S CF
=
g 15 -
J $iC MPCF
g’.)_ 10 High modulus =
Z Alumina

5 -

Glass
o Loteel
5 10 15 20

Specific modulus (108cm)

¥, KYUSHU UNIVERSITY



Relationship between TS & YM before Improving Y

8000 A Rayon based CF
7000 O o0 PAN based CF
6000 ¢ Pitch based CF

2000
4000
3000
2000

1000 Jﬁ.ﬂ
.

Tensile strength,

200 400 600 800 1000

Tensile modulus,GPa

¥, KYUSHU UNIVERSITY



Preparation of Mesophase Pitch 8

Raw . Before treatment and transferring to mesophase
Material
De-ash — Thermal Polycondensation — Thermal Transferring to
DO :
Mesophase — Mesophase pitch
Coal tar De-ash — Hydrogenation — Thermal Polycondensation
(Mesophase) — Mesophase Pitch
Naphthalene Polycondensa}tlon (HF/BF;) — Removal of light Matters —
Mesophase Pitch

Isotropic pitchFormation of Growth of Bulky
mesophase mesophase mesophase

¥, KYUSHU UNIVERSITY



MPCF Production Processes 49

Mesophase :: Melt Carbonization Graphitization

:{> Stabilization

Pitch Spinning (N,) (N)

Increasing Graphitic Units

Pitch

()
i JEO

Higher Strength

Higher orientation

Smaller Impurities

Pitch with easy orientation property Higher Modulus
I

W, KYUSHU UNIVERSITY
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13

12 /
\\ / / Pressurized by Nitrogen
11

E
s §
\: [ |-| ]
g
g 10 heater
o pitch
©
s 9 P
0
L \\/ spinneret filter

8 --D02-400

-+-D02-380
M
7 ' ! ! ! { winder
0 90 100 150 200 250

Spinning viscosity (Pa"s)

Fig. Correlation between fiber diameter Fig. Spinning apparatus

and spinning viscosity

¥, KYUSHU UNIVERSITY
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Stabilization of Pitch Fibers

Heat

ﬁ Polymerization
<Oxidati{

\ V2

Oxygen

by-product gas
H, H,0,CO,,etc

¥, KYUSHU UNIVERSITY



Increasing Tensile Strength by Removal of Inorganic Impurities o2

4000
7 3500 ® o een Si0, + C — SiC + CO,
E 2000 il Over 1250 °C
2 SiC — Si + C
£ 2500 Nucleation of voids
§ 2000 ’// N Over 1800 °C
'*g 1500 O/
I 1 1 1 L
1000soo 1200 1600 2000 2400 2800
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Fig. Relationship between the tensile strength S E M
and heat treatment temperature

i Cross section
after Polishing

Fig. Observation of void defect
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Relationship between TS & YM of Recent CFs
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How to Achieve Pitch Based MPCF

® Cost: Yields of Pitch and Fiber, High Productivity Fiber
® Required Characteristics

Tensile Strength 800~1100 MPa = 1500~3500 MPa
Elongation Property 1.5 % = 2.0~2.5%
Fiber Shape Diameter: Less than 10 ym, Long Fiber

® How to Achieve?

Precursor Low Cost, Linear, high MW highly polymeric
molecular compositions
= Introduction of Molecular Orientation, High
Purity

Spinning Less than 10 ym and Control of microstructure

Stabilization Low Defect (Low Heat Value), Homogeneous
Oxidation

Carbonization High Carbonization Yield, Low Defects

W, KYUSHU UNIVERSITY
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Carbon is key element for Batteries !! >

@Li-ion @Dry Battery

[Cheap]
| [Easy Available]

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

®Ni-MH

[High power]
[Total balance]

(+) : (Ni-Co )(OH),
(-) : Mm(Ni-Mn-Al-Co)s 23/%4
substrate:Nickel and Carbon

¥, KYUSHU UNIVERSITY
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=L IE 5 S
HE L BE
CeLi = Li*+Cyt+er CoO,+Li*+e Eﬁ"LlCoO2
%E &
7B Charger 7, 158
O Li

t/\L—H— O Co

¥, KYUSHU UNIVERSITY




Electrode Materials for Lithium Secondary Battery >

Different materials for different applications

A spectacularly reactive cathode
Nature Materials 2, 705—706 (2003)

¥, KYUSHU UNIVERSITY
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Anodic Electrode to Hold Reduced Li-ion
Intercalation — Graphite

Surface Electron Transfer into Sealed Void
— Hard or Low Temperature
Calcined Carbon

Electron Conductive Material
Anodic Carbon and Cathode Material
Expansion Moderator
Holding and Release of lon Is Accompanied with
Volumetric Charge
Larger Capacity per Volume — Larger Expansion
Moderation and Control of SEI
Irreversible Charge — Surface Coating, Composite
Structure

¥, KYUSHU UNIVERSITY
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O—OR%RMH
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INARED/N—FH—FRY
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IM is heat treated under Ar atmosphere with the heating rate of 10°C/min

KYUSHU UNIVERSITY




SEM ~ TEM XRD

| Pyrolytic carbon ¢(002)

NK111)
¥ SiO-CNF (i cat)
S0, 5i

.Reactlon tlT 10 20 30 40 50 60 70
' - 2 Theta
SiO showed amorphous structure

C(002) peak was observed by CNF growth

Relatlve Intensity

_ \ i 4 Si** photoelectron spectra
SiO—CN\F composite
P oo, - _
il = 7 = As eceved SI0
u] o
| 7 b
/ [ d B
T g ", SIO-CNF
; x4 ® d R (Nicat)
e - & > / SIO-CNF
© i i {Fecat)
Fe cat. (600°C, P-CNF) © 7 bggeenons,,
s n}: ‘-_:_2 By
Ref: Yoon et al., Carbon 43 (9) " | a Resasenen
108 106 104 102 100 98

(2005),1828-1838
Binding energy (eV)

CNF growth decreases Si exposure.

W, KYUSHU UNIVERSITY Electrochimica Acta, 55, 5519-5522 (2010
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Comparison bet. Composite and Mixture

At 15t cycle Cycle performance Retention

/ rate

0 .
1500 _ . 4 o
Charge capacity ) ‘_.,\900 P Composite (Fe cat) @f:{78
] . 1479 | 150 3 o e beay g,
— > < . ‘o,
<1200 1335 T 3 < . -
o™ 1253 o £ emg Composite (Ni cat.) 68%4
£~ ] 1180 3 VBOO ---‘.__.__. 1]
- . 4 Rt B B PR =
'E 900 | Discharge capacity -4 %‘ it U R R
= 769 o o
= 826 825 ~100 @ g 1A
[+) I'+) = g
8 600- 450 2 ° \ Mixture (CNF) @& 31078
S | Coulombic efficiency o 2300 1 A
- .c
= [+} Y
3004 g9 65.8 50 & = e, Mixture (KB)
| 38.1 52.0 % Il T O P
0 0 T T T T T T T T T T
Composite Composite Mixture  Mixture 0 5 10 15 20 25
(Nicat)  (Fe cat) (CNF) (KB) Cycle
Volume expansion Superiority of the CNF composite
400
Electrolyte penetration only (2days) ® High discharge capacity and coulombic
KXY After charging to 0V
— 1 st
S o1 efficiency at 1% cycle
— 300
IS » Excellent cycle performance
(2]
2 248% .
s " Lower volume expansion
x
o 200
£ = CNF growth provides spaces to relieve volume
=) 153%
o
> 2 124% 126% expansion and conductivities to improve performances
100
Composite (Fe cat.)  Mixture (CNF) Mixture (KB)
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Cycle performances of PCSi-CNF composite o

Si-CNF composite Cycle performance
181 Effi.: 75% -~
a0 1500 -
i 15 -
5 ! z
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. 154 i >¢/ "{/ .
el N - N N |
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The decreased surface area

g\\i/z KYUSHU UNIVERSITY CARBON, 48, 3381-3391, 20009.




SI-CNF composite / Graphite Hybridization -

..~ 800 2 100
= 700 % 600
@© 600 Q. —~ 500-
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N ] _
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Cycle Cycle
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Activated Carbons for Energy and
Environmental Devices

¥, KYUSHU UNIVERSITY
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Activation GETE1E)

(Making small pores in the carbon materials)

co, Cco, Cco, 2C0O
CO,

CO, C 26%
DD/C >/_/C i/ CI]DI/ 2CO

Carbon materials

Activation reagents
« Air, CO2, Steam
KOH (NaOH), ZnClI2

W, KYUSHU UNIVERSITY
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FHEROBETETIL

. | Inner surface
___Pore | |
\ | QOuter surface
Wa Sub-micro pore
< (0.8 nm .

Micro pore
. 08~2.0nm |

Meso pore
2.0~ 50 nm

¥/’ | Macro pore

> 50 nm

Classification of surface and pores  Schematic shapes of pores
Mjcropgres ac o or Mesopore

T,

) \ W

i?;i‘ﬁ??;?,??;, //’”ho
)
/ / / /
/A //// W

Schematic pore images of activated carbon fiber and

activated carbon
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ACF Products in Particular Forms

72

Felt

Paper

Manufacturing Products

h
%
| l '
E = )
. :
T fy ! 3
1.3

>

Water Filter

Small Water filte

» Thickness 1~8 mm
ACF Coat 60~100%

+ Mixing organic fibers to
improve the strength and
dimension stability.

* Needle punched felt (FN
type) heat-processed felt

(FH type).

» Selection according to the
concentration and amount
of the contaminant.

 Thickness 0.2~0.8 mm
ACF Coat 60~70%

» Anti-water
» Anti-chemicals

« Easy formation into any
shapes

» Columnar

* Low resistivity

Chlorine Residue (%)

» Chlorine removal

Chlorine in Water:

50

2ppm
4 Water Flow Rate:
300 3l/min

ool Temperature: 20°C

10 -

0 1 2 3
Water Amount (ton)

W, KYUSHU UNIVERSITY



STM images of ACFs 3

In order to remove oxygen containing functional groups for removing the heterogeneous effect of STM,
OG7A and OG20A were heat-treated at 800°C in a hydrogen atmosphere ( H,/ He =1/4).

OG7A 800H OG20A-800H

Channeling =

& Vacant spaces between the two domains of OG20A are larger than that of OG7A.

+ Domain size of OG20A is a little smaller than that of OG7A.

& Slit type pores were observed in domains of OG7A and OG20A.

&It can be presumed that almost pores larger than 2nm nucleated by the inter-particle
mechanism.

KYUSHU UNIVERSITY




Typical Hazard Gases in the Atmosphere
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Of Fukuoka H & E Institute
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DeSOx mechanism using ACF e

S"i N “<f_’ ......... |

SO,ad.+1/20,—S0,ad.
SO,ad.+H,0—H,SO,ad.
H,50,ad.+H,0—aq.H,SO,




DeSOx by ACF and CNF-ACF Composite "

DeSOx Properties of ACF and ACF-CNF

100 PO-CNF 1% | |

%0 —a—PC cat., 5min
PO-CNF 5% cat.,

. ——PC 5min growing
H11000

——H1100
a0 —

%0 Ay pua?

0 5 10 15 W B N OB 0 B
Time (h)

CATO 950

DeSOx condition: SO, 1000ppm, O, 5vol%,
H,O 10vol%,

N, balance. Total flow rate: 100 ml/min
Reaction Temperature: 50 °C

PDU for SOx Removal by ACF

¥, KYUSHU UNIVERSITY
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NO & NO, Oxidation over ACF

NO NO-

------------------------------------------------------------------------------------------------------------------------------------------------------

|dentified reaction

NO O, NO:2 Heatmg'
TN A J
NO(ad) ..... » O(ad.) -eeen NO (ad) ....... » NO (ad ) w

Strong Inhibition of H20

The oxidation of NO2 always produces NO
And NOs through the disproportionation.




The Mechanism of NO Reductive Removal

The mechanism of NO removal consists of adsorption and
oxidation of NO into NO, which is reduced with NH,




Characterization of ACF purification 80

Forced ventilation
Natural ventilation

Room temperature, ozonizer is no need, no light irradiation,
compact design

¥, KYUSHU UNIVERSITY



Three-dimensional

wind vectors

ACF féﬁce

| |
INatural Ventilgtion|s;

m kFixed type
| | zll

|
|
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Toluene adsorption characteristics of ACFs o

22 | : S S N
c Toluene gas : 22ppm
S Gas flow rate : 100ml/ m
:: 17.6 L Temp .28c¢ 1y g
Q2 s =
5
°
g 132 A— — — —_ . [ ........... Homogeneous ]
= [ Heterogeneous ] ' ;1_5A
Q 8.8 pb——r — . ol
0 SN
; “20A
§ 4.4 qopie e o BT B
E : wT [ Heteraogeneous? ]
0 | ' i
0 5 30 35
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HCHO adsorption characteristics of PACNF in humidified 83

atmosphere
aH BET Elemental analysis (wt%) Microporous
(m2/q) C H N Odiff ash N/O ratio (%)
90% 375 68.06 1.19 18.02 11.471 1.32 1.80 94.7%
60 60
50 | 50 - FE100
> 40r PACNF < “f FE300 Il
L\O) 30+ 8 30}
(@) ~
20 - O 20}
FEL00 PACNF
10 10 |
O L L L L L L L L L L O 1 1 1 1 1 1 1 1 1
01 2 3 4 5 6 7 8 9 10 11 12 0o 1 4 5 6 7 8 9 10 11 12
Tima /' h Tima I h
HCHO : 11 ppm HCHO : 11 ppm

Sample weight : 0.05g
Gas flow rate : 100ml / ml
Humidity of condition : 0%

Sample weight : 0.05¢g
Gas flow rate : 200ml / mi
Humidity of condition : 50%

Under the circumstances of humidity (RH=50%),
PACNF shows specific prominent adsorption characteristics for formaldehyde.

W, KYUSHU UNIVERSITY



Carbons for Super Capacitor

E Whkg)
&
s Y
X
JE f{ = Application
requirement
: f >
P [Wikg]
Electrostatic Electrolytic Electrochemical double-layer
d dx
(o}
AID, o ©
o (e]
£ 8 € g o
ooO
o O

manual transmission
& automated clutch

ectrode / eparator
Clivated cal n
E \
S5-speed

d manual transmission
& automated clutch

Final drive Electric machine
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Relationship Between Organic Capacitance And 85
Surface Area

1M Et,NBF,/PC, 2.7V, Capacitance per Volume

surface &rea ve. Capacitance Per Weiglht

50
Lotk otrapdc Cobie
(HaOH Ardearapic Cobes ' .
401 (ELOH] . _—
. A
-E' | ‘-l- l_______--' ]
= i -
= 34w -
E CHF &
=] A - = Waod & Cocaox
H - (Stem)
10 1
s g ACF(Steam)
||
0 ' . :
0 1000 200 3000 40100
Surface Aream fz)

¥, KYUSHU UNIVERSITY




Conjecture of pore size using capacitance data 86

EDLC with organic electrolytes EDLC with inorganic electrolytes
Electrolyte:Et,NBF, I | Electrolyte:H,SO,
Cation ((C,Hg),N+) | Anion(S0,2)

Stokes’ diameter : 0.676nm Stokes’ diameter : 0.517nm

.
“““
.

Ideal Model for capacitor

M. Endo et al. , J. Electrochem.
Soc., 148 (8) A910-914 (2001).

& *
...Il“
—— o e o e o o .

Porous carbon

In using Et,NBF, as an electrolyte, at least pore size larger than 1.3nm is necessary to have electric
double layered capacitance.

In using H,SO, as an electrolyte, pore size of about 1.0nm is enough to have electric double layered
capacitance.

KYUSHU UNIVERSITY
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Specific Capacitances in Non-Aqueous Electrolyte (Et.NBF.+ PC)

180 - 180
"o 160 OG Series 160 %
'E: 140 140 Ei
\E; 120 120 g;
ég 100 L1000 O
.'g 80 0/‘ 80 %\
O &0 60 _
% 40 40 N\ + OG 5A & FE 100 + PUTR
O 20 L 20 3[\) " . tﬁi
~ e s
0, el . . . 0 e _
OG-5A -7A :-10A -15A -20A
o + + PGS
Gl _ B ~ Adsorbed BF,” ions
o FE series e P +
O o =
O 120 - L 120 % | L% ,\
_§ 100 4 100 8 4 Fref/BE{ ions
O 80 1 r 80 N 9 ‘x‘“ .
® 3 by, s
o 1 . + 60 M + o aﬁ
© A e _
O %] / - (£ eyl
20 1 / r 20 \BB Collector R
0 { v v 0
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Conclusion

® Carbon is a key material for energy and environmental
devices.

® High Utilization of coal and petroleum residues as resources
for advanced functional carbon is most necessary to
develop the advanced energy and environmental devices.

® Full understanding of carbon structure is necessary for
improving the performance and useful applications of
carbons

University:

+¢* Creation and leading of projects

s Manpower cultivation

g\'i/// KYUSHU UNIVERSITY
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Thank you for your attentions!

¥, KYUSHU UNIVERSITY



