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Now and Future of Capacitance
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Relationship between Organic
Capacitance and Surface Area
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Electric Storage of EDLC

Targets
Larger Capacity per Volume

High Rate of Charge-Discharge
— Better Carbon Electrode, Guideline?

More Adsorption at Large Rate in the Adsorbent of Limited Volume

Wetting to Carbon Surface —Penetration into Pores—Adsorption on Wall
Surface—Polarized Charge—Outlet from Pore—Discharge /Desorption

First Cycle

Sizes of Electrolyte vs. Pore for Penetration
I::> Invasion into Matrix or very narrow pore of wall

|:!> Density Change or Expansion of Matrix,
Volumetric Change of Electrode

Mobility and Adsorbed Amount of Electrolyte as well as Structure of

W 1AM, Kyushu University

Electrode May Change under Electric Field
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Conjecture of pore size using capacitance data Capacity governing factors

| EDLC with organic electrolytes | | EDLC with inorganic electrolytes | * Surface area

Electrolyte:Et,NBF, 1 | | Electrolyte:H,SO, » Pore size and its distribution
Cation ((C,Hs)4N+) Anion(SO,%)
Stokes' diameter . 0.676nm 1/ Stokes’ diameter : 0.517nm » Surface (Edge and Basal, Heterogeneous atom

functional groups)
Crystallinity of carbons (Resistivity)

1.352nmi(e’

-..1.034nm

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

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.
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Best Carbon Characterizations of Pitch and PAN based ACFs

N, BRBEFERR @77« HFLIFER (¢ -plot)
« Pore structure: Right pore exclusively i o artacemen voreveame | porawidt
» Too large or small pores are useless S o oo e o
" | d T T Fea00 Ateta A et Amias | Ameso | Vot | Viniao | Vineso | W miao | W meso
L] - S S st
Pore wall - Hexagona € ge = Sam = ] 0G-5A (6768 | 1.2 |6756 | 0 | 022|022 | 0 | 065 ]| 00
» Graphitizable carbon (Higher conductive) - g > .
3 OG-7A | 987.6 | 3.4 | 9842 o 034 | 034 o 0.68 0.0
. p/Po
* Density : Least closed pore 0108|2127 54 [12063] o | o4s [0as | o |67 | oo
» Finer particles are desirable, but packing density oc-15a |1488.0] 139 [10781| o | os6 |oes | o |os0| 00
should be maximized in the electrode
) i mﬁﬁﬁﬁ (NL-DFT method) 0G-20A (1817.4f 15.9 (1801.5| 0 | 097 J 097 | o | 1.08 | 0.0
d FunCtlonal groups : EffeCtlveneSS FE-100 | 636.9 | 1.2 | 6357 o 021 | 0.21 o 0.67 0.0
» Oxygen functional groups have to be minimized Joem | T s 7 e o | [veaon [so02 | 22 |somo| o | oms | oms | o | om | oo
» Other heterogeneous groups are still on studying. 2. I S re900 [11300] 28 |10997| 272 | oas | 043 | o0z | 078 | 102
T vy + o FE-400 (1187.1| 5.2 |931.2 | 250.7 | 0.60 | 038 | 0.22 | 0.82 | 1.73
W /nm W/nm
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CV results of Pitch & PAN based ACFs

Cyclic votammograms in 0.5 M H,S0,
: OG series : FE series
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Pore size vs. Capacitance (Organic system)
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2 f 20 2 2
in Et,NBF,/PC
ok Lo ol 3
0G5 OG7A 0G-10A OG-15A 0G-208 FE100  FE200  FE300  FE-400
Specific Specific
capacitance Surface property " o Surface property
Per
Per Surface Average o N Per
i surface : Per Surface Average o N
weight area area  poresize contents contents weight s:’:‘e area  poresize contents contents
Ffg mF/m?  m¥g nm % %

Flg  mE/m’  mg am % %

0G5A 05 06 677 | 065 | 48 11
FE100 01 02 637 | 067 | 62 101
0GTA 16 12 988 | 068 | 53 [ %4
FE200 01 02 909 | 072 | 74 61
0G-10A 481 26 1212 077 6.1 0.5

FE300 247 173 131 078 79 a1
0G-15A 725 nz 1488 0.90 83 0.5

0G20A 819 387 1817 108 67 03 FE400 593 430 1187 082 93 25
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Pore size vs. Capacitance (Non-organic system)
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Capacitance (Fig)
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1o ol !
0G-10A 0G-154 0G-204 FE-100  FE-200 FE-300  FE-400
Specific Specific
capacitance Surface property P Surface property
Per

Per Surface Average Per

o Surface s Per Surface Average O N
weight ares area  pore size contents contents weight SI:I‘::‘& area poresize contents contents

Fflg mF/m* mig  nm % % 2

Ffg mF/m’ mg  m % %

0G5A 0.6 05 677 0.65 43
FE-100 471 603 637 067 62

0G7A 633 532 988 068 53
FE200 1642 1486 908 072 7.4 6.1
0G-10A 1388 940 1212 077 6.1 05

FE300 1568 1011 1131 078 79 a1
0G-15A 1444 835 1488 090 83 05

082/
OG20A 1556 736 1817 108 67 03 FEA00 1407 1018 187 G p5 93 25

¥ KYUSHU UNIVERSITY 10

2D NMR (Non-organic system)

Model of adsorbed ions

B L
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19F NMR (Organic system)

0G-5A 0G-15A Model of adsorbed ions Free ions
BREShERMIE T, (sec) for OG series o B Adsorbed ions
/
o 0G5A 0G15A 0G5A 0G15A
{—+——cpP cP 5 08
PTFE ({425 —) mp o™ mp o™ e
F 04
Free |Adsorbed| Free |Adsorbed| Free |Adsorbed| Free |Adsorbed
o IMP IMP 02
0.54 0.18 0.41 0.19 0.61 0.63 0.29 0.23
ELNBFJ/PC ELNBF/PC e ——— oM P oM
@ W oW W W B LR Y o Freeions
Chemical Shift (ppm) ‘Chemical Shift (ppm) T1 (sec) for FE series W Adsorbed ions
0.8
FE-100 FE-300 FE100 FE300
More deshielded 5 06
. ) MP ™ mp ™ & FE100 FE300
« F 04
cP cpP Free |Adsorbed| Free |Adsorbed| Free |Adsorbed| Free | Adsorbed
0.2
0.31 - 0.28 - 0.13 0.05 0.19 0.09
0.0
IMP IMP IMP cM IMP cM
1. BRFERE. TIERVIEELYBIRFEELTVDSIEERKRT D,
EtNBF4/PC EtNBF«/PC e s o — = Fn
a e 2. TOIEIF, FEDRITHANTRERIC. LYVEDES,
TR R R R R E E R 5 E 3. M, 0GU) —XIZLLARTFEL) —X DT {{EHELY,
Chenical Shit (ppm) Cherical Shit (pom)
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PO reS VS . C ap aC |tan C ES Model structures Of pores Yoon group of Kyushu university, Langmuir, 2009, in press

DOI: 10.1021/1a9000347

1. To examine the effect of pore size and surface composition of activated carbon fibers on Conventional Hierarchical Structure Model Proposed Structure Model
EDLC

Micropores with

N After mild activation After mild activation small pore size
2. 2.Todraw out the best pore and surface images of ACFs for better performance {BotowS ) o
Model of adsorbed ions on the surface of OG and FE series Uppermost|
Surface Uppermost
[*3 . surface
° ERSCANY) Fiber Axis
B After severe activation 2 After severe activation Micropores with
- micropores large pore size
OG-5A FE-100 Uppermell
— Birtoce “mesopores ey
on size (nm
. Ref  Fiber Axis

Non-solvated Solvated with solvent (PC) elerence v . 'M K .

icropores with

(Inter-particle pores) small pore size

(CH3CHy)aN* 0.74 1.96 (Below 1 nm)

Carbon. 2002, 40, 2613
BFs 0.49 171
(CHaCHDN" 0.68 - . Under mild activation condition, each of the microdomains on the uppermost surface contains the slit-
BF. 033 Science. 2006, 313,1760 shaped micropores, leading to micropore-rich.
Et:N*-4PC 135 J. Electrochem. Soc. 2004, . With increase of activation degrees, the size of uppermost microdomains reduces and the pore width of
BF4-8PC 1.40 151, E199 micropores becomes widened. Simultaneously, micropores are freshly generated in core part.

Cf. Hydrate sulfate ion size of SO,%(H,0),, : 0.53 nm J. Electrochem. Soc. 2001,148(8), A910
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Two kinds of pores

Intra-particle pores {micropores) Maxsorb-IIl
(Kansai coke and chemicals Co.)
v derived from petroleum coke
¢ high surface area (over 3000 m2/g)
M-30

(Osaka gas chemicals Co.)

v derived from mesophase carbon micro beads

¢ high surface area (over 3000 m2/g)

Channeled
inter-particle pores 1. Novel por ructures of activated carbons, also, were
(mesopores) uggested th microdomain units through the intel
and intra-particular mechanism.
. From this idea, on ACs can bring the
Removal of
onty
inter-particle pores
x

. We tried to elucidate tf of the inter- and intra-
particle on cap ance with two super-activated
carbons (with high surface area over 3000 m?#g) in
organic and inorganic electrolytes

cteristics of MSCIIl & M30

MSCIII: M30:

Raw materials: resin
Microdomain = Domain

Raw materials: Mesophase
Microdomain << Domain

/. KYUSHU UNIVERSITY

Removal of pores from int

Maxsorb-IIl
(Kansai coke and Chemicals Co.)

-domain nucleation

M-30
(Osaka gas chemicals Co.)

Ball-mill
(for 1, 3, 5, 10 and 20 days)

Milling conditions :
at 200 rpm of pot mill rotator (ASH, AV-400)
with zirconia balls (each 5/ 10 mm in diameter)

Physical Properties

SEM, N2 adsorption/desorption at 77 K,
Elemental analysis

Electrochemical Properties
Cyclic voltammetry
in 0.5 M H2SO4 and 1 M EUNBF4/PC

/4 KYUSHU UNIVERSITY

SEM images of ball-milled Maxsorb-IIl series

\
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N adsorption/desorption of ball-milled Maxsorb-Ill series

N2 adsorption/desorption isotherms at 77 K Pore size distributions
1500 o
&
'
& 1000 o0
a
I -
=2 >
3
£
S 500 001
€ d inter
particular pores
" by ball-mill treatment
(B ) o,
o 05 1 o B B P H w
PIPo Winm
m¥g am'/g nm
Area (total) |Area (external)| Area (micro) | Vol (total) | Vol (micro) | W (micro)
As-received 2856.8 376 2819.2 160 1.60 114
Ball-milled for 1 day 2557.8 400 25178 150 150 119
Ball-milled for 3 days 24179 371 2380.8 139 139 117
Ball-milled for 5 days 2358.8 364 23224 134 134 116
Ball-milled for 10 days 21155 338 20817 115 115 111
Ball-milled for 20 days 1852.6 325 1820.1 0.96 0.96 105

1. By ball-mill treatments, the inter-particle pores (cylinder-like mesopores) were selectively removed without destroying
the intra-particle pores (slit-like micropores).

2. Such novel pore models may be proved from Nz adsorption/desorption isotherm at 77K by ball-mill treatment.

KYUSHU UNIVERSITY

Cyclic voltammograms of ball-milled AC series

00 Maxsorb-Ill 0 M-30
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N, adsorption/desorption of ball-milled M-30 series

N: adsorption/desorption isotherms at 77 K Pore size distributions
1500 o
e
. As-received
=3 Ty 008
a Lae—sc—ece e
o -
b 5 days 3
E aetcheco—ser
3 oot
20 daxs
o S
0.5 1 o 6 8 10
P/Po Winm
m¥/g cm’/g nm
Area (total) |Area (external)| Area (micro) | Vol (total) | Vol (micro) | W (micro)
As-received 2948.1 515 2896.6 181 181 125
Ball-milled for 1 day 23253 49.2 22761 136 136 119
Ball-milled for 3 days 1967.7 418 1925.9 108 108 112
Ball-milled for 5 days 18335 39.3 17942 095 095 106
Ball-milled for 10 days 13273 308 12965 0.62 0.62 0.96
Ball-milled for 20 days 7761 228 753.2 031 031 0.83
1. Both novel pore structures of M-30, inter- and intra-particle pore, were simultaneously decreased by ball-mill treatments.
2. Dramatical decrease of both pore structures in M-30 may be caused by much smaller micrographitic units derived from
mesophase carbon micro beads (MCMB) which are easy to loss especially their inter-particle pores by ball-milling.

W2 kYusHU UNIVERSITY

Specific capacitances of ball-milled Maxsorb-Ill series

In inorganic electrolyte (0.5 M H2504) In organic electrolyte (1 M Et;NBF./PC)

350 0.35 350 035
e */\
300 0.30 300 0.30
—=—/m2
S 250 025 g 5 20 ———2 02 g
c 5 C H
— o
3 200 020 = 8 200 020 =
g —— R g
2 s g 3
o 150 015 @ s 150 015 :1
g EUN S I
-———
S 100 .,__.__.———-———"" 010 3§ 100 —— 010 3

1. The capacitances in inorganic electrolyte with smaller size than intra-particle pores (micropores) were
gradually decreased with increase of ball-mill times.

2. The capacitances in organic electrolyte with relatively larger ion size than that of inorganic electrolyte
were steeply decreased up to 5 days and then continuously kept, with increase of ball-mill times

crease of capacitance in 1 M EtsNBF4/PC found out that the inter-particle por:
d by ball-milling play an important role for EDLC in organ

W2 kYusHU UNIVERSITY

2012/11/13



Specific capacitances of ball-milled M-30 series

In inorganic electrolyte (0.5 M H2504) In organic electrolyte (1 M Et;NBF4/PC)

350 035 350 035

——Fg
300 0.30 300 0.30

—e—F/m2

S 250 025 § 5 2s0 025 £
C) . S .
3 g 3 ki
T 5 T H
[ 3
3 200 020 2 3 200 020
g EI- H]
3 150 015 & T 150 015 &
3 iy 3 I
§ 100 010 3§ 100 010 3
so 0.05 s0 0.05

1. The capacitances of M-30 in 0.5 M H.SOs were largely decreased with increase of ball-mill times
because both of inter- and intra-particle pores were simultaneously decreased by ball-milling.

2. The capacitances of M-30 with smaller micrographitic units which are easily destroyed by severe ball-
milling for 20 days, comparing with Maxsorb-Ill, were dramatically decreased in both of organic and
inorganic electrolytes.

KYUSHU UNIVERSITY

Cyclic voltammogram of GPCNF series
w
»
=) § 0
== i,
8 o
=)| -
Dome-like
basal plane 04 02 00 02 04 06 08
E 1V (vs. Ag/AgCl)
Elemental analysis of GPCNF series
— Elemental analysis (wt%)
Samples [e)
H c N ifry
=
— PCNF 0.33 | 98.15 | 0.05 | 1.47
— GPCNF | 0.10 | 99.90| O 0
B
Recovered Recovered GPCNF-NA | 0.15 | 99.12 | 0.06 | 0.67
graphitic edge graphitic edge | | GpeNF-EC | 013 | 9850 | 0 | 1.37

KYUSHU UNIVERSITY

acitance vs. defined surfaces

[ Well-defined CNF series ]

« Surface area & pore structure

3;‘;:;:’;:&::: « Surface state - edge and basal Capacitive performance:
Capaciiance « Electrical conductivity Edge surface > Basal plane
« Functional groups Edye surface is more efleclive
Surface chemistry « Hetero atoms on the surface than basal plane by afactor of 3-5.

* Metal or metal oxide on the surface

K\”/)Isrl

]
(o —————

TCNE

SEM images of HOPG surface
by mechanical polishing

04 02 00 02 04 05 08
E/V (vs.Ag/AgCl)

S.-H. Yoon et al. Carbon, 2005, 43, 1828

T.G. Kim et al. Langmuir, 2006, 22, 9086

KYUSHU UNIVERSITY

Electrochemical oxidation by treatment

(1) In anode (+ electrode), treated samples by different potentials

Results of elemental analysis (%) :
Ratio of O/C
H C N O (diff.)
as—prepared 0.81 96.88 0.00 231 0.02
1.0V 1.08 93.31 0.49 5.12 0.05
15V 1.07 94.68 0.45 3.80 0.04
20V 0.98 91.14 0.36 7152 gL 0.08
25V 0.99 91.11 0.37 753 \/ o008

(2) In cathode (- electrode), treated samples by different potentials

Results of elemental analysis (%) :
Ratio of O/C
H C N O (diff.)
as—prepared 0.81 96.88 0.00 231 0.02
1.0V 1.10 95.01 0.42 347 0.04
15V 1.10 95.15 0.41 334 0.04
20V 0.99 95.72 0.24 3.05 0.03
25V 1.01 95.62 0.22 3.15 0.03

KYUSHU UNIVERSITY
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Functional Groups vs. capacitance

Polarized anodic HCNF by binderless polarization condition in 30 wt% H2S04
Polarized HCNF under binderless condition in 30 wt% H,SO,

Anode (+ electrode) Cathode (— electrode)

0.10 4

0.08

0.06

0.04

0.02

0.00

002

Turrent (MA)
Current (mA)
°
8
1

004

006

0.084 -0.084 Polarized HONF a1 25V

T T T T g
0.4 02 0.0 02 0.4 06 08

Potential (V)
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Solid-state NMR o

Organic electrolyte:Et,NBF,

Cation Anion JEOL ECA400
, )

Tetra ethyl ammonium: TEA Tetra fluoroborate: TEB

N I
L N+—| F—B—F
_ I
F
Kinetic diam.: 0.74 nm Kinetic diam.: 0.49 nm

4B solid-state NMR ('B:128.3 MHz)

= Anion behaviors in positive electrode
at 3 kinds of electrode states
@ Impregnated state
@ Charged state
@) Discharged state

W, KYUSHU UNIVERSITY

Analysis of ion behaviors on the

Different carbon surface using solid NMR

W KYUSHU UNIVERSITY

Preparation of PCNFs with edge and al planes

Clear edge
surface

Dome-like basal plane
surface

5nm

W KYUSHU UNIVERSITY
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BF4 ion behaviors on the surface of GPCNFs (1!B-NMR) GPCNFUY—XIZH T BBF 1 DIREERET IV

GPCNF-NA-H

GPCNF (Basal) GPCNF-NA-H (Edge) GPCNF
: Adsorbed BF, ions Adsorbed BF, ions

More
Deshielded !!!

:{ }* o ih

— ), =

Free BF, ions

Charged
(at positive electrode)

—;?’ }-' ¢
Impregnated kf.

—

Et,NBF,/PC

30 25 20 15 10 5 0 -6 -10 15 20 25 -30 30 25 20 15 10 5 0 -5 -10 -15 -20 -25 -30 More des
Chemical shift (ppm)

Chemical shift (ppm)

KYUSHU UNIVERSITY W% KYUSHU UNIVERSITY

ACF vs. 1°F Solid NMR (Organ ACF vs. 2H Solid NMR (Inorganic)

0G-5A 0G-15A "
Model of adsorbed ions 0G-5A 0G-15A Model of adsorbed ions
. 129)

Adsorbed electrolyte

Adsorbed electrolyte
ions.
/ |/ Tons
_Jt_iﬁzacp M A cp cm cm
PTFE as binder
—L—"—IMP ~——JL-JJL'-|MP IMP Imp
ELNBF,/PC ELNBF,/PC D,%0, D50,
I P P A T o o m w E B 5 5 5 @ B B D 5 5 5 b
Chemical Shift (ppm) Chemical Shift (ppm) Chemical Shift (ppm) Chemical Shift (ppm)
FE-100 FE-300 More de-shielded FE-100 FE-300
than OG-1SA Somewhat broadened
; than FE-100
cp Mcp L
IMP IMP -
Free i ons
Et,NBF,/PC Et,NBF,/PC D,50, 0,50,
aed]
5 B B b w ® 5B B oy e R T s
Chemical Shift (ppm) Chenical I shift (ppm). Chemical Shift (ppm) Chemical Shift (ppm)

W% KYUSHU UNIVERSITY
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ACF vs. 2H Solid NMR (T, value)

| W Free ions
T1 (sec) of OG series B Adsorbed ions
084
0GS5A OG15A OG5A OG15A
3 0.6+
Mp w™ mp o™ B
Eoo4d
Free Free Free Free
024
0.54 0.18 0.41 0.19 0.61 0.63 0.29 0.23
00 IMP Cc™m IMP c™m
1.04
NN Free ions
T, (sec) of FE series BB Adsorbed ions
084
FE100 FE300
= 0.6
Mp w™ Mp w™ k) FE100 FE300
F 044
Free Free Free Free
0.2q
0.31 - 0.28 - 0.13 0.05 0.19 0.09
0o IMP cm IMP cM
1. Small value of T1 means stronger adsorption
2. T1 goes to be short after charge.
3. T1 of FE series < T1 of OG series

W, KYUSHU UNIVERSITY

11B solid-state NMR %
Impregnated Charged Discharged

Sharpipeak. | i :
K100 J\__ (Foerpeak mk/\ graoo

g b 2 :
H b ] LA £ i
S$1000 ' : ; S1000 E : ; S$1000 :
4 2 (ll -lZ -l4 -6 4 ; -I2 -‘4 -6 4 2 : -‘2 ; -6}
Chemical shift, & (ppm)

2 (] -4
Chemical shift, & (ppm) Chemical shift, § (ppm)

:

g K2000 E E

§2000 /! $2000 $2000 /! i

4 2 0 2 -4 -8 4 2 [ 2 -4 - 4 2 ° 2 -4 -4
Chemical shift, 6 (ppm) Chemical shift, & (ppm) Chemical shift,  (ppm)

¥ A peak was adjusted at 0 ppm.
Sharp peak (A peak): ions on the free surface, weakly adsorbed
Broad peak (B peak): ions on the porewall, strongly adsorbed

W, KYUSHU UNIVERSITY

Steam activation vs. KOH activation

Table BET surface area, elemental composition, and capacitance of ACs

Activation method | Surface Atomic ratios (%) Electrode | Capact
Code | (Temp., KOH/S- | area densif F/g |F/cm®| F/m?

BEAPSrati) | mg | M| C | N | O |Ah| Gg/em

K1000 | KOH (800°C,2) | 1240 |0.70]87.6]0.18[11.5]000| o069 | 187 | 103 [0.015
$1000 | Steam(800°C) | 1250 |0.82]96.1/0.00]|2.94[0.18] 073 | 215 | 146 [0.017
K2000 | KOH (600°C,6) | 1850 |1.47]79.6/0.03|19.0]/000] 055 | 37.8 | 16.6 |0.020
S2000 | Steam (850°C) | 1850 |0.70[96.5|0.00[2.44|0.39] o061 | 240 | 104 [0.013

00 Fig. N, adsorption and desorption ;go%nns at 77 K of ACs

S S

15, 600 :Ea 600- o os8s

=" 500 2" 5001

‘s ‘s

H o psses S-emsm e s o nB L L L g 400

Eo f B

gm @ :K1000 '3 w0 ° @ :K2000

g 1® A :S1000 $ 1001 A :S2000

<0 00 02 04 06 08 10 < %00 oz o4 06 o8 10
Relative pressure, 7/, Relative pressure, P/P,

¥, KYUSHU UNIVERSITY

Relaxation time, 71

Sharp peaks W ’ Impregnated, Charged, Discharged
(A peaks) cE» 8 I
Rl B B
224
©
8
[}
= 0
K1000 S1000 K2000 S2000
2
Broad peaks '~ Impregnated
(B peaks) 6 15+ Charged -
.5 - Discharged
ssi Bl - B m
2
5 05|
[}
= 0
K1000 S1000 K2000 S2000

¥, KYUSHU ONIVERGIV 1
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Effect of pore wall structure (Edge and Basal

Chemical shift Capacitance
Edge Basal

Ring current effect

Deshielding

_ =l =
:’/‘\\ \__=SLower MF ___ —
- Soc= ||ps

3 "Shielding High capacitance Low capacitance
=>Higher MF T. Kim et al, Langmuir (2006), 22(22), 9086-9088.

-

Ion adsorbed on the edge — Low MF shift, High capacitance
—K2000 (KOH activated) has more edge walls.

Ion adsorbed on the basal—High MF shift, Low capacitance
—S52000 (steam activated) has less edges in pore walls.

W, KYUSHU UNIVERSITY

Quantitative analyses of ion behaviors on the

different activated carbons using solid NMR

W, KYUSHU UNIVERSITY

Difference of KOH & steam activations

In the case of low surface area ACs (K1000 and S1000),

The activations were not much proceeded for both KOH and
steam activations. Small and homogeneous pores.

In the case of high surface area ACs (K2000 and S2000),

The activations were fully proceeded for both KOH and steam
activations. Large and heterogeneous pores. KOH showed the
more dispersion property than steam, resulted in many edges.

Steam
activatio . O
Cf\\ © ©

W KYUSHU UNIVERSITY

Result of experiment (1) 44
Difference of KOH and steam activations
600 -+
’\? 500 40 SH
— 400 -
30
_g 300 —SK 2000 w
T 20 w20
e— SH2000
_§ 100 10
0 T T )
0 0.2 0.4 0.6 08 1 0
Relative pressure [P/P,]
BET Atomic ratios[%] Electrode Capacitance /g
Samele [:'?:1 H ‘ c N ° ‘ wh | ey | Fe | e | e
Electrolyte:EtsNBF4/PC
SK2000 | 2007 147 788 003 190 000 040 340 138 s
SH2000 | 1969 070 965 000 244 039 044 232 102 '
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Results of experimental ®

1 M Et4NBF4/PC electrolyte, 19F-NMR

PTFE ' PTET'E - PTF'E
Main peak
, SK2000;,, (sSB-1) (ssB-2)
— s :
: SK2000,, | ;
: SK2000, : :
: SH2000,,,, : :
! SH2000,, : :
— — :
: SH2000, : !
-120 -125 -130 -135 -145 -160 -165

o[ppm]
Free ions or adsorbed ion on the external surface

Adsorbed ions on the pore walls

PTFE
Main Peak

SK2000,,
SK2000,

PR R R e

Peaks

3.49
8.11
5.22
4.32
6.39
5.26

ch-dis SK/SH
2.89
25
1.13]

Results of experiment (1)

1 M Et4NBF4/PC electrolyte, 19F-NMR

PTFE PTFE Peaks _PTFE
Main peak 1 @ Ab: B !
, SK2000,,, (5B-1) PR (ssB-2)
i 1 H 4 1
: SK2000,, : LA -
: SK2000; ! !
=] i «f ;
: SH2000,,,, : Nt :
1 1 H A‘ 1
: SH2000,, | LA :
: SH2000,,, : N :
-120 -125 -130 -135 -140 -145 -150 -155 -160 -165
olppm]
ntime (T,)[s]
ample
a b B
= 287 153 113
= 325 247 137
0.41 050 041 057
- 3.03 143 151
- 3.10 221 178
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