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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

W/, KYUSHU UNIVERSITY
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Raw materials

Coal tar

Polymer: Thermosetting and thermoplastic
Heavy oll and residues

Biomass

Precursor

Pitches: CF, ACF, MCMB, AC, Binder pitch, Additives
Polymer: AC, ACF, Glassy carbon, CF

Cokes: Electrode, Capacitor, Battery anode, AC, Additives
Char: AC, Additives, Reducer for Solar cell

W, KYUSHU UNIVERSITY
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Selection of Precursor ' Carbonization |— Calcination —-{ Graphitization

|- Forming ——— Stabilization

\ 4

Gasph talyti
asphase catalytic L Activation-Heat treatment

Non-catalytic

SN 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

¥, KYUSHU UNIVERSITY
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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
Petroleum | Esiees Energy Savin Energy Storin .
- residues 9 g LA Protections
Fuel Cell Batter Water
—~  C10° Y
Catalyst Li-ion battery Purification
Separator Na-S battery Water conversion
Syngas
e Bipolar Plate Air battery NO,, PO, removal
" Advanced Super capacitor Atmosphere
SHstauoh EDLC forEV, FV  AC, ACF for DeSOX,
Structural Materials DeNOx, deVOCs
—+  COG For IGCC, IGFC Hydrogen AC, ACF for
Structural Materials _ . Sick-house gases
For Atomic Reactor R-storing Bombe
— Tar . : CO, separation &
Light Weight Methane Concentration
y : Carbon Fibers Methane storage
Biomass Char
Synthetic Carbon

W), KYUSHU UNIVERSITY
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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
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Starting Materials C'~C3 exhaust Gas Coal Tar Pitch
e-metalization
De'Hgs ) i
Studying Points Purification Qi, Ashes removal

— ¥
Catalytic Pyrolysis | | Halogen Treatment Hydrogenation

] ] T
; }

v

A

Modifications Spinning E. Spinning Sizing
|

- Activation

A

Needl cokes

: : Electric Air Pollutant Fuel Cell Battery, Capacitor

¥, KYUSHU UNIVERSITY
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- Cross-section Outer surface

1500C

MNMP CE . o

Domain arrange Domain arrange
mentin Pitchba mentin PAN bas
sedCF edCF

Domain arran Domain arran (Cross-section) (Cross-section)

gement in Pitc gement in PA

h based CF N based CF

\i// “Structural comparison of mesophase and PAN based carbon fibers”
S.Z KYUSHU UNIVERSITY g H. Hong, S. H. Yoon, I. Mochida Carbon2006. (2006. 7)England /
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Before heat treatment 5;.0..

_4:{‘5 “"
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Not or very slightly Partially Fully
fused microdomains fused microdomains fused microdomains

After graphitization

Glassy Carbon

\\//‘:3;? |A|\/|S Kyushu Un|vers|ty ‘Axial nano—scale microstructure in the graphitized fiber inherited from liquid crystal mesophase pi‘:h”
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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Nano ) Productions Applications
Structures
| * Structural units
* Nano-phased units 4
Hybridization ! S,
—> '\y
Improving tk ) »
Performances .. ns¢
and Functions < . TN
Creating ‘
Surfaces N | New Functions
- Edges N\ functions ‘
—| (Kinds and amounts) & .l
* Basals / q . ‘s
(Perfectness and w
Orientation)

¥, KYUSHU UNIVERSITY
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Carbon is an Indispensable Material for Energy related Devices
Best Structure for Best Performance

|

Best Selection

Best Selection
Scientific Cycle
- Structural Understanding -

M

- Structure Preparation — Carbon

- Working Mechanism -+
Molecular Level
Electrochemical
Catalytic / Kinetics
Molecular / Heat Transfer

¥, KYUSHU UNIVERSITY
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Surface Area, Pore:Depth & Volume
Surface Structure
Surface Chemistry
Based and Edge Plane, Substituents
Hetero Atoms in Hexagon

Carbon Structure of Wall
Micro, Nano, Macro Structure of Carbon Wall
-Graphitization Extent
-Domain Structure
Density, Reactivity (Activated Surface)
— Precursor : Structure and Reactivity

W, KYUSHU UNIVERSITY
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Selection of Precursor
- Pore Framework / Density
- Properties of Pore Wall, Composition / Graphitic Extent
- Reactivity at Activation
- Non-graphitizable precursors like polymer, biomass and isotropic coke
for usual AC or ACF
- Graphitizable precursors like anisotropic cokes or mesophase pitch
for EDLC electrode materials

Activation Procedures
- CO,, H,0
- Alkali Hydroxides / Carbonates; More Research
- Selective Catalytic Gasification ; Catalyst Control

“*Very Large Surface Area > 3000 m?/g
s+ Adequate Pore And Wall

W, KYUSHU UNIVERSITY
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Carbon materials

Activation reagents
« Air, CO,, Steam
« KOH (NaOH), ZnCl,

W/, KYUSHU UNIVERSITY
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2KOH — K,0+H,0
(Dehydration)

C+H,0 — H,+CO

Catalytic progress (Water gas reaction) |~ \ Carbon is mainly

Under K20 1 consumed as a form of
CO'.'HzO — Hz"’COz K2C03
(Water gas shift reaction)l
K20+C02—> K2003

K compounds are
reduces as a metal

K20+H2 — 2K+H20 §

K,0+C — 2K+CO

*Higher surface area compared to the steam activation
* Almost no productions of CO and CO,
* K metal intercalation: higher diffusivity than steam molecule

KOH K.O K,CO, K
MP:380°C MP:490°C (350°C, KO and MP:891°C MP:64°C
BP:1324°C K) BP:774°C

¥, KYUSHU UNIVERSITY
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POI‘E Inner surface

Outer surface
Wall Sub-micre pore
<0.8 nm

Micro pore
0.8~2.0 nm

Meso pore
2.0~ 50 nm

\/ Macro pore

> 50 nm

Classification of surface and pores

Mjcropgres MacY or Mesopore

Schematic shapes of pores

//’// 2, W

'0 s

W
N2V AN 7
N ;;W /,,, Z

7 0 W

Schematic pore images of activated carbon fiber and activated carbon

¥, KYUSHU UNIVERSITY



STM images of ACFs

. ¢ ACFs consist of structural units
s Microdomain  of micro domain with diameter of
around 5nm.

Cluster unit

W, KYUSHU UNIVERSITY 16
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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
~ pore

& 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.

W, KYUSHU UNIVERSITY
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A model for cross section of ACFs

skin 000000000 «0Only skin is activated, homogeneous narrow pore exist

midd| on the surface of domains.
OG 5 A \ «The activation does not reach to the middle and core
core PAFE. !

OG5A has smallest surface area but homogeneous pores.

OOO0OO00000
\\1/
&%

micro domain

Skin and middle parts are activated.

W «Pores in domain become wider and longer than that of

OG5A because of the pores formed by inter-domain

OG?A mechanism.

&Pores are formed by the intra-domain and inter-domain
mechanisms. l

IJ'
\ Heterogeneous pores exist.
-/l\\

¥, KYUSHU UNIVERSITY
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«The activation proceeds to near the core.
«Domains in the surface become smaller by activation.

l

OG10A have various size pores.

«Whole parts of skin, middle and core are activated.

«The pores from the intra-domain become larger by activation.
«0wing to some domains burning, fiber diameter becomes
smaller than OG5A, 7A and 10A.

1

More homogeneous pore distribution than that of OG10A

%0ver 70% of domains are burned-off.

&Pore portions from interparticle nucleation becomes
larger l

£0G20A diameter become smaller than OG15A.

OG20A have largest surface area but heterogeneous pores.

W, KYUSHU UNIVERSITY
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0.07 +Advantage of DFT method
e .
> ° & Equipment: ¢ : :
0.06H L BEL | SORP Qetgrmlr\atlf)n of a pore size
J MAX distribution in the wide range of
0.05 fsg)L JAPAN, pore size from micro pore to
«Model meso pore.
< 0.04 NLDFT Slit
© 03 N2/77K GCB .
0. PSD fitting «Disadvantage
0.02 Gauss This method needs
. Peak 1 >measurement in low pressure
0.01 >assumption of pore structure
F. o%eq . * oy >homogeneity of adsorbent surface
0 6 8
OG7A OG10A OG15A 0OG20A
pore size at peaks (nm)
= o
ore distribution range 28 ~30 50 ~30 0.44~7.0

in this DFT profile (nm)

¢ The pore size at peak increased in the order of OG5A<7A< 10A < 15A < 20A.

W, KYUSHU UNIVERSITY



SETE R RHHE D Toluene 75 FF 14

Toluene gas : 22ppm
Gas flow rate : 100ml / m
17.6L| Temp. : 28°C

{)[ Homogeneous J

£
Q.
kT
=
@)
©
513.2-
= [Heterogeneous} | {15A: |
3 8.8r sz
§ 7A3... T g 20A
o 4.4r 10A. g B
o / R [Heterogeneous?}
2 i ,
(@] A 1 W/, | |
— 0 -
0 5 10 _15 20 25 30 35

+ The slopes of breakthrough curves for 5A and 15A were steeper than those of
curves for 7A and 10A.

+ACFs with homogeneous pores (5A and 15A) showed rapid toluene adsorption and
larger capacity per unit area and longer breakthrough time, whereas ACFs with
heterogeneous pores (7A and 10A) showed slow toluene adsorption and smaller
capacity per unit area.

¥, KYUSHU UNIVERSITY



SEE R DEFFR I

1. HCHOA R (Y IINDRAR) DRE
2. BEREXT /N AEIEBH

3. EOFE
4.
5.

Capacitive De—ionization (CDI)
Heat Pump (AL ARJILEX—IFH)

¥, KYUSHU UNIVERSITY
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HCHO : 22 ppm HCHO : 22 ppm
Sample weight : 0.1g Sample weight : 0.1g
Gas flow rate : 100ml /m Gas flow rate : 100ml / m

100 -
80} g0l
X 60}
= 8 60 |
O -
S 40 | L\CS 40 |
@)
20| 20
0 L / 1/ 1 1 1 0
0 20 40 60 80 100 0
Time / min
Break through time

¢Pitch-based ACF: 15A<20A<10A<7A<5A
¢ PAN-base ACF : FE400 < FE300 < FE200 < FE100

¥, KYUSHU UNIVERSITY
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—6: pyridinic—like structures

—0: pyrrolic or pyridonic—N moieties
—Q: quaternary nitrogen

—X: nitrogen oxide or nitrate structures

Absorbance

2000 18Ioo 16Ioo 14Ioo 12I00 Pyridinic N
Wavenumber (cm™) Internal g s /
Sample standard Pyridinic N Internal
a: Pyridinic N standard
b: Internal standard
FE100 279 134 0.48
(C=C stretching vibration mode)
FE200 276 108 0.39
FE300 332 70 0.21
FE400 330 64 0.19

W, KYUSHU UNIVERSITY
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WATER Competitive adsorption decreases the adsorption amount of HCHO.

Dry condition (solid line) and wet condition (dashed line) for the different
kinds of a) FE series and b) OG series

60 ‘ 60 =
FE100 dry &
FE200 dry y4
50 - FE300 dry 50 4 /
FE400 dry
FE100 wet
40 - FE200 wet 40 -
.y FE300 wet o
X X
= 30 - = 30 1
%) o
(&) (&)
20 1 20 1 OGSA dry
OG7A dry
- OG15A dry
10 4 10 | OG5A wet
OG7A wet
OG15A wet
0 0 - : =
0 2 4 6 8 00 02 04 06 08 10 12 14
Time (h) Time (h)

W, KYUSHU UNIVERSITY
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]
s 10 .
o > 1Y

E P

Sel7

g,“

s 3

92' é 7

0 - /1 X3

FE100 FE200 FE300 OGS5A OG7A OG15A

W, KYUSHU UNIVERSITY
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4 Electrospun PAN based nanofiber (100% PAN)
Diameter: 800 nm, Nanotechnics (Korea)

100 times surface_ area compared to usual PAN fiber
—Can be expected very shallow and homogenous pores,

Homogeneous and
shallow pores

Usual PAN based ACF | |

__ PAN based ACNF |’

¥, KYUSHU UNIVERSITY
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270°C
(0.5°C / min)

Assembly of
1.8nm~3.6nm thin film

600°C in He
or
steam activation

PACNF

Nano particle
assembly structure

¥, KYUSHU UNIVERSITY
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AR BET Elemental analysis (wt%) Microporous
(m2 / ) C H N Odiff ash N/O ratio (%)
90% 375 68.06 1.19 18.02 11.41 1.32 1.80 94. 7%
60 60
50+ 50
(=]
& 4or PACNF <
o ~—
O 30}t
> 8 30
© 20+ a 20 -
FE100
10 10 -
0 . - . - + 0 L l 1 1 1 1L 1 :
0 1 2 3 4 5 6 7 8 9 10 11 12 3 4 5 6 7 8 9 10 11 12
Tima I h Timea /' h
HCHO : 11 ppm HCHO : 11 ppm

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

Sample weight : 0.05g
Gas flow rate : 100ml/ ml
Humidity of condition : 50%

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

W, KYUSHU UNIVERSITY
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KpEBMRESE-Y T ILE
FILIUHT400°CETHBESHE.

Deep pore

“» P

ERLILERE =
o dTT—mRToERSIL
0 @ ML LA ICHRAFLTL
- VAN E
-5 [ = . -
- . EmCDEZEIL
o “a ¢ RV FLOD EERIZSE SR
8§10 Y @ LTWBHIKSFDFES
*c; T
©-15 [
=
_o0 Shallow pore
_25 1 L 1 L 1 L 1
50 100 150 200 250 300 350 400 ESTHOESEL
Temperature / °C EZUOVRFLICREBELTLNS
KD FDEF

W, KYUSHU UNIVERSITY



MnOx/ACNFIZ & AHCHOD T EE LR
(@ PAN-based Activated Carbon Nanofiber (@ MnOx catalyst

Hybridization { ~C'ean removal by MnOxinto H,0 and CO,
*Lifetime prolongation

H,O

O, 0, —> CO,
HCHO / H,0 co,
HCHO = =" (Catalytic oxidation
(MnOx MnOx
 /
Micropore / PAN—-ACNF

Conceptual illustration of MNOx@PAN-ACNF catalyst

W/, KYUSHU UNIVERSITY
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Dry condition (R.H. = 0%)

= 12{ PAN-ACNF
~ MnOx alone breakthroughed
e 10 within 1 h.
=
-
2 6. FE100 » PAN-ACNF showed the
_é’ 1. highest performance for
% HCHO removal at 5% MnOx
r_“% 21 FE300 loading amount.
0 05 1 5 20 » Deposition of MnOx on
MnOx loading amount (wt%) carbon supports improved

Sample weight: 50 mg the HCHO removal activity.

Inlet HCHO conc.: 10 ppmv

Breakthrough time was defined as the time, at which
the outlet concentration reached to 0.5 ppmv.

W, KYUSHU UNIVERSITY



MnOx/ACNFIZLAHCHOD T2 EE LR E
Wet condition (R.H. = 90%)

= 12-
~ MnOx alone breakthroughed
QEJ 10- within 30 min.
B g
: [ ] [ ]
%” 61 PAN-ACNF » Humidity was fatal to
£ 4 HCHO removal activity as
% to conventional ACFs
La% 21FE100 or FE300: less than 1 h (FE100 and FE300).
0 12 . . . . :
0 05 1 5 20 » PAN-ACNFs comparatively
MnOx loading amount (wt%) hold strong, showing little
Sample weight: 50 mg droP .Wlth the highest |
Inlet HCHO conc.: 10 ppmv activity at 5% MnOx loading
Breakthrough time was defined as the time, at which amount.

the outlet concentration reached to 0.5 ppmv.

W, KYUSHU UNIVERSITY
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Gas composition analysis

150
¥
S o } PAN-ACNF
)]
g } MnOx(20wt%)@PAN-ACNF
S
O = 50-
T 3 } MnOx(20wt%)@quartz wool
O
L < Sample weight: 50 mg
Temperature: 30°C
o e S Relative humidity: 0%
O 2 4 6 8 10 12 Total flow rate: 100 sccm
Time (h) Inlet HCHO conc.: 140 ppmv

» Clear detection of CO, for MnOx—deposited samples
(HCHO + 0, — CO, + H,0)

» No induction period for non—porous quartz wool support
(Adsorption of HCHO in PAN-ACNF micropores)

W, KYUSHU UNIVERSITY
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Pitch—-based Activated Carbon Fibers (ACFs)
OG series : OG-5A, OG-7A, OG-10A, OG-15A, OG—20A (Osaka Gas Co., Japan)

PAN-based ACFs
FE series : FE-100, FE-200, FE-300, FE-400 (Toho TENAX Co., Japan)

Model of micropores of OG and FE series

@ o & e
@ | Q_ ® @ TQ
(] &
‘ N N . ‘. ".
@ ® ® l ..
® J1® (X [ 4
0G-5A FE-100 0G-15A FE-300

Aqueous and non—aqueous electrolytes with different ion sizes

H30"

¥, KYUSHU UNIVERSITY

in HzSO4/H20
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Pore structure parameters

N2 adsorption/desorption isotherms at 77K (calculated from t-plot method)
900 . 900
: Surface area Pore volume Pore width
B o (m*/g) (cm®/g) (nm)
0O 000 Jooonereene R eieaeanrenad o 600 }reeeeemeeeemeeneneees ST C It R—
&5 : &5
:g M.»v.-v oo OG15A :‘g b Atotal Aexternal Amicro Ameso Vtotal Vmicro Vmeso w micro w meso
2 300 ii,,-g;m.....;.*o so-ss—emm0G10A 2 300 |-
> e te ee cw B e CoDGoA = OG-5A | 6768 | 12 |6756| 0 | 022 022 | 0 | 065 | 00
ol f J ol
9 0 ! ¢ i : OG-7A | 9876 | 34 |9842| 0 | 034 | 034 | 0 | 068 | 00
Relative pressure, p/p, Relative pressure, p/p,

OG-10A|1211.7| 54 [12063| O 046 | 0.46 0 0.77 0.0

. . . . OG-15A|1488.0] 13.9 |(1474.1 0 0.66 0.66 0 0.90 0.0
Pore size distributions

(calculated by NL-DFT method) OG-20A|1817.4] 159 18015/ O | 097 | 097 | 0 | 1.08 | 00
o.a? 004
| FE-100| 6369 | 1.2 |6357| 0 | 021 | 0.21 0 | 067 | 00
0.04 0OG10A Gy 0.03
o} \ / . FE-200| 9092 | 22 |9070| o | 033|033 | 0o | 072 | 00
Dol  0GSA— ¥ o Soczoa B 0%
002t OG7A oos FE-300 |1130.6| 3.8 |1099.7| 27.1 | 045 | 0.43 | 002 | 0.78 | 1.82
001} ‘
0% TR o 0997 FE-400 |1187.1] 52 |931.2 | 2507 | 0.60 | 0.38 | 022 | 082 | 1.73
Pore width, w/ nm Pore width, w/ nm

KYUSHU UNIVERSITY
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180 180 Q)
- Q
"o 160 OG Series 160 O
Q
E 140 120 O
\E; 120 120 E;
ég 100 k100 E%
(U 80 2 4 L CD
= — 80 —
8 60 / 60 _3|_| o
% 40 > r 40 N }L .
O 2 20 ﬁL i
— w0
0 + ety . . . 0 o
OG-5A -7A —-10A —-15A -20A BE
. b
Cl _ B ' Adsorbed BF," ions
o FE series B - ,_
~— 140 140 O, W..© - ey
O 120 120 QO R N
c > wi g
S 00 100 O { *+ Free BF, ions
+) 0] _
o 8 80—~ L
T g s |60 3 }“ "
g / J
40 - 40 . ..
o 3 ' %
20 1 - 20 N Collector o
N—
0 i v v r 0

FE-100 -200° -300 -—400
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1% OG series Ble
—~ 160 1 160 Q)
E 140 140 S
< 120 120 o
8 100 A - 100 2D
c (@)
© 807 80 @
2 N - N g\
o . o .

S ) Optimized |, T
& o pore size |, 3
/ =
0 0
OG 5A -71A —1 A -15A —20A
~ FE serles e
. 160 - . - 160 O
: ®
E'/ 140 - \0 F 140 QO
(1)) —+
o 120 F 120
S 400 100 g
S @
S 80 £ 80—~
S L 3
& 4 J —
O *“1 ™ Effect of nitrogen [ © 3
20 functionalities [* =& —
0 0

FE-100 -200 -300 —400
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Model of adsorbed ions in micropores of OG and FE series

@9

W, KYUSHU UNIVERSITY

®
X,
9.0

N

o

e

N N

I.N_j' L“— !N
FE-100

N

2— 22— >

®
)
.. |
LN —N

OG-15A FE-300

2H or '°F magic angle spinning (MAS) solid state NMR

NMR equipment:
Electrolytes:

Electrode states:

JEOL ECA400

0.5 M D,SO, (aqueous)

1 M Et,NBF,/PC (non-aqueous)
Impregnated (IMP)

Charged plus (CP)

Charged minus (CM)




BF-MAS Solid—State NMR Spectra

Adsorbed electrolyte

ions
(T . | |

PTFE as binder

| IM P WNHW‘,M.M.«’J“ “\h; I A IM P

| EuNBF4/PC | EtNBF4/PC ) T
O P O '
Chemical Shift (ppm) Chemical Shift (ppm)

: ._M' BN
Adsorbed BF,~ ions

More de-shielded
J than OG-15A

FE-100 ‘ FE-300

P L IMP
oy
- J‘ Et4NBF4/PC J‘ Et4[\{B F4/PC Collector

Chemical Shift (ppm) Chemical Shift (ppm)




2H-MAS Solid—State NMR Spectra

|
‘\ Adsorbed electrolyte

‘
h I ions
I N A

\ A /N

| /
_/ H - | “‘ ~ \\ -
B G A i inD,SO
I R
N
i N
J| J 1\
: _
— IMP ——  —IMP . B o @
247
| 1 oW
[ I %
/| /| SLCEE 2
/\ 32.”. » 2
. DSOs DsSO, .
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T1 Values from 2H-MAS Solid—State NMR Spectra

The shorter the T value of relaxation time, the stronger the adsorption
interaction between adsorbed electrolyte ions and carbon electrodes.
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What is the difference:

« Surface area, pore size and its distribution
Surface compositions

Surface structure (?)

Cost

Waste materials

Capacitance, cost, ...
How to overcome the differences?
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Effect of wall surface

Contribution to chemical shift Contribution to capacitance
(Ring current effect)

High capacitance Low capacitance
= iFshift
{EREBshift ) A4 4

’

e 000 e

~
-~
S~

Adsorption on the edge —Lower magnetic field shift, Higher capacitance
—SK2000 is conjectured to have more edges on the pore walls
Adsorption on the basal planes — Higher magnetic field shift, lower capacitance
—SH2000 might have less edges on the pore walls
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Surface modified PCNFs

Platelet CNF (PCN 7 Graphitic edge
Z % Z 9

Well-defined

GPCNF-NA
= graphitic edge

Graphitization at 2800°C

Graphitized PCNF |

Dome-like basal plane

(GPCNF)

—)
4
10 wt% nitric acid treatment
GFPC‘F‘_M Dome-like basal plane
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Lim, S., et al, J. Phys. Chem. B, 2004, 108(5), 1533-1536

Langmuir 57
2006, 22(22), 9086.




Capacitances of PCNF series

Cyclic voltammogram (CV) in 0.5 M H2SO,

E /V (vs. Ag/AgCl)

¥, KYUSHU UNIVERSITY
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Influence of surface structure on capacitances

Surface features Sample 2'5;"’&‘;:5‘5 F/C:pacita":;mz
HCNF 126 23.4 0.19

Edze PCNF 72 12.5 0.17
GPCNF-NA 58 5.6 0.10

GPCNF 51 3.1 0.06

Basal GPCNF-M 53 3.3 0.06
TCNF 98 4.5 0.05

- Capacitance per weight : Edge is 2—5 times higher than basal plane.

- Capacitance per surface area : Edge is 2—4 times higher than basal plane.
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4. Capacitive De—ionization (CDI)

¥, KYUSHU UNIVERSITY



: : : Electric Desalt
(Reverse Osmosis) | (Electro Dialysis)
. oL ti
Merit ®High performance ®Selective removal of ion oW enersy co.nsump on
®Low fee of maintenance
®Fouling phenomenon
®High operation cost
®Low collection ratio from non- )
De- ®High cost membrane ®Low removing performance of
. treated water )
mer1t ®High cost for maintenance 10n
®High cost for maintenance
® Environmental
contamination
Objective

using EDLC principle

electro-desalt system

activated carbon

«  Development of cost effective, long time maintenance free ion-removing system

*  Development of high performance activated carbon based thin electrode for

- Investigation on the selective ion removal by structure of electrode and

¥, KYUSHU UNIVERSITY
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- Electric-desalt system.

Sea water
/ \4 (separator)
(electrode) (ONa* i1 CI 3 (electrode) (electrode) (electrode)
©)
QGNa* i CI €
GlNar - CI)G | Nat o1 ©)
@ Nat CI
©)
GOWNa | CI)3 4 Nat CI
separator) \ /
NaCl
Distilled water Concentrated water
CHARGE DISCHARGE

* Thinner electrode
- Rapid electrochemical adsorption and desorption .

- Activated carbon of large surface area and small particle size

W, KYUSHU UNIVERSITY
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Mixing of material _ .
(Maxsorb II+ Graphite + Binder)

Make Sheets using hot press roller

Drying ( 200°C, 3hrs)

Rolling of sheets to control
thickness

Sizing for Electrode with
current collector

Manufacturing of Cell

Performance Evaluation

¥, KYUSHU UNIVERSITY



Storage System Conductivit Desalted
tank (7cm*7cm) sensor

W, KYUSHU UNIVERSITY 79
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Maxsorb series
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lonic conductivity (mS m™)

OG series
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Na™, Cl” ions

Effect of flow rate

0.1~1.0% NaCl

100.0
~
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S_\, 80.0
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o 60.0
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e
(av]
S 400 33.2
p—{
3
@ s 22 8
A 20.0 14.9
10.3
b 7 1.3
: 1.2 ‘_P'1
0.0 ' —_
5 10 20 30 40
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H* PO%* ions

Effect of concentration

(flow rate : 1m¢/min)

76.9
5
)
+~
<
<
S
g 37.2
<
i
TCE 21.8
8 12.5
4.2
1
0.1 0.5 1.0 1.5 2.0

Concentration of H;PO, (wt%)
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Cl” ions In the city water

Effect of flow rate

Desalination rate

90.5
82.3
68.4
51.3
28.1

20 1
1 5 10 20 30 40

(flow rate : 10m4

/min)

W, KYUSHU UNIVERSITY




CDIISE L=/ i (&2
1. EEREEE?
2. EHFLNLETE

How to solve?

¥, KYUSHU UNIVERSITY



5. Heat Pump (BT RJLX—GH)

¥, KYUSHU UNIVERSITY



Thermal Powered Cooling System

ACF based adsorption system may lead to the use of unexploited low—temperature solar
/waste heat that may offer an attractive possibility for improving energy conservation

and efficiency.

Heat Rejection Condensor

Cooling Water Out ' Cooling Water In

Hot Water Owt

Cooling Water In

Heat Rejection e

Heat loput

Hot Water In

Expansion Value

Cooling Water Out

Evaporator

W V.:ln[- Chilled W

The schematic diagram of the two—bed AC—ethanol adsorption

cycle (Mode A).
Saha et al. Renewable and Sustainable Energy Reviews 15 (201

1) 1708-1721
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Cooling system|Zi@L1=5F 1k (&2
1. KEWRETE (Methanol, ethanol)
2. B AEEL—F (High coefficiency)
3. BRMCERE?

How to solve?
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