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2! 3. (a) AFM image of the PAN based e—CNFs garfitized at 2,500 C.
(b) AFM image of the polyimide based e—CNFs garfitized at 2,500 C.
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12! 6. SEM image of the e—CNFs (a) and the electrical conductivity
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H 1. Pore properties of steam activated CNFs at 800 ‘C for 30 min

Sample Burn—off BF'I; SA | Total Pore | Micropore Aver.age
(%) (m7/g)  |Volume (cc/g)| Volume (cc/g) | Pore Dia.(A)
PAN 77 1,523 0.760 0.599 20.0
PANMWCT| 65 1,200 0.550 0.533 17.5
Pitch 46 2,025 1.109 0.870 21.9
PI 68 1,412 0.571 0.553 16.2
PBI 51 1,220 0.565 0.470 18.0

DEXAED Jls A 21 92 3 20109 49

o] ol EHAA UAZ Agehs BHow §
Uehd Aoz oSk

o

SholA] A A7 PUAF Bairel 549 el EA) ez 7
AR =& ol8dshs S8HU W HlEA, Alojd Al 5
TR S o8k ArEe] s Ak Q= 3
olth.

231 M3z

TR AT SRS S8oks i ieAE, AR, Li
ol-xixjo]tt,

FRTNEREY 2] olF5S ol83le] AAHOR oUXE A
Aotar 12e o8l HAdXol o] HA SRS WlaEnE, 144,
Al o< Z7]e] At W) g Gell e ARk
of2fgt 7171 olF ANAIE] =] A Rk T e} ofufA]
g Al & 718 4 A wiE RS diAlsle] 17
ARsARe] AF83FE 71 ZlE ARslaL vk

wehs, ASARRE] e A5 el 55 BeEE Qlal| Hal
Ao Falrt dofupA] ob=S sfar, o] F2h 2] thelid Age]
F2slEofof shar, oL A sERHo] SriislE|ojof sh, Alee] 7]
7} ##o] Ho] Hsfe] Aso] avbdor WiE= 7EE 2k 9l
oM, RS Al olsAA T S e IR S Bele
= AAlER= Zlo] visAlsit)

olgfgt 7] PSS TRt A7 s FEiK LA Sl

40 T

35 &
-] A‘

- . ¥ =
5 3 a

£ a5t " .
g N

g ar o 1
H

M 15 -
05

0} 1
| Low discharge current (10 mA) |

] i & L !
0 500 1000 1500 2000 2500 3000
BET-S8A / még!
40 T T L} T T
- Highdischarge current (160 mA)
30 - i
)
w25 Mesoporous AC -
g 20 * /Q)/
g / %
§ 15 | = o
o ;
10 | o Microporous AC
(Y —
s |- P Sall e
D " ' _ il e il ad 1
0 500 1000 1500 2000 2500 3000
BET-SSA / mig

18! 7. Effect of the employed experimental conditions on the carbon
capacitance.”

151



T8 751/ i v1s} ol 155 iz ol A
e T
o] w5

S, A%} e Aol wEmAe
Jlls) e @ARe maltk oleld @A AT Uelie) o))
SR T A AlZe) Zolrh ol Ze] i)

T

o V7 1A el slielel ol AFE ¢ ol ARt 7]
7} Hofor 3 g3do] Suishd 4 olvke 9 Aurt HasEglek!
o] Bz ofo] g e Hrhe] s} (charge) & 2dsH]
ax= ol& EEaL Sl 8rie] T At gk oo Hrt
AL ARk 9lom, o] 5o Ak= Al W3t Hsf Alelef ]l
OJair] BAF o® Ao < = Altehar vk 8 80l wket

the ade] S4S wc
S, A Z719] el e AT Sol maslglon], AF A AZe] AR ke
15
1§ T I
I I
AN ooy
Negw result

- dw results o¥ ...

|

=) o (CH,CE)N B,

-‘\5' 0.68 nm diameter 0.33 nm diameter

=

5 -

= o Is} -

g o ) *_

Z Traditional

é I .-}\‘// © Ie) © view

E ceees T o

5 —

= = ?SAC:; SMAC
A BC&TAICCDC:
&6
O pe

0 . L
0 1 2 3 4 5

Average pore size(nm)

Aske] 2716l Ak Aotk o] T2

8! 8. (A) Plot of specific capacitance normalizes by BET SSA for the carbons in this study and in two other studies with identical electrolytes. The
normalizes capacitance decreased with decreasing pore size until a critical value was reached, unlike the traditional view assumed that enough to
accommodate diffuse charge layers, the capacitance would approach a constant value. (B to d) Drawing of solvated ions residing in pore with distance
between adjacent pore walls (B) greater than 2 nm, (C) between 1 and 2 nm, and (D) less than 1 nm illustrate this behavior schematically.™

ri ——

Vulcan XC-72R

(a)

16| —=—XC-T2R
- —0— e-CNF

14 H N
o~ 12 |
(Y]
“g -
\E 10 | . -
L M\
£ sH /' = \
= L] [
s [ \
Al S AN
4 .
= T AR
£ 4H

W .
~
2 % T
R Fo T .
o L= %00 0090 e
0 50 100 150 200

Pore diameter (nm)

e-CNF : ~3nm, micropore
XC-72R :20~100nm, mesof
(b)

Polarization curves

Power density

\

Pcterial (V]

—=e—CHF
—e—xcT2

current Densify (Alkem ‘)

-

(c)

& 9. Comparisons of the electrodes of fuel cell made from XC—72R and e—CNFs; SEM (a), pore size distributions (b), and polarization and

power density curves (c)."”

152

Polymer Science and Technology Vol. 21, No. 2, April 2010



g Qo7 of=F) 31, 6 M KOH +80A19] 73-9+= AFE #AF
o] A} AlEe] 3717110 A7F HA o0& BuEgek”

Ultra—micropore”} A== A7 HA} By edi+= Li 0]
239 Fow AMgEgler 7 71 0] 450 mAhg ' O
S o]2 8% 372 mAhg T BT} & Ao w7 vehgth’
Si WReQIARE PAN ool Aksto] 271t 2 gkl Li o]
o] Bog AL Ay} 7] =l vlsle] 1 g 253
=7 YeRa1(885 mAhg ) Siell Lie] F2kow Qisk Rujszto)
BA% jds 5 Y 7FsAS Bk

2.3.2 20 X|X|H|

Zul] W3- & | EAX} 222 22 el oJsi 1w
o] G| 11 Wkg-Elo] NkgEel] YEeo] X A|Ek 5= Q= Alwe] 9l
SO7 QI 1 F80] ol R duiA Qlrk weh, A7)

A} R o] B4o] $5e Sl AAVE E S e

12
—4—CNFs

104 —e—TiOy/CNFs
—=—(Ti0_/Si0 )/CNFs

Concentration of M B of dye (ppm)

Ill:ln Eulslnl1ll'n‘1gul1ln
Time (min)

-
-‘ |

Omin 30 min 180min

12! 10. Photocatalytic activities of TiO, supported on CNFs."®

Mean pore Ulra— Micropore Mesopore | Macropore | BTX, TCE | Surface Area
diameter (nm) |Micropore (%) (%) (%) (%) Adsorption (m%g)
Active carbon|  10-100 - 20 65 15 unsuitable 400-700
Activated 1-4 - 80 20 - medium | 700-1,500
Carbon fiber
ACNF 05-1 88 10 2 - Excellent | 800-2,500
200 2
c o
s ACFE P ACNF
£ 150k &
S g
9 7
= -
g 100 .EJ
= e
8 pqeetn ST VIS
c I
o
O %0 AC n —O0— AC'OTI1C
FJ ] —+— ACFg
. - I
. L
0 1 2 3 4 5 6 7
Time(hr)

12! 11. Adsorption behaviors of toluene on the CNFs.?"#

IS YN N

B

o 7lE Al 21 A2 3 20109 4€

slEch

8! 99 Bu¥ A5 A¥= B carbon blackel] Pt ulls &
A AgshE AFdR] Fvllel A7 AL B ARl Pt FuilE
224 polarization?} powerS BwslE A} 27 A} e LA
7F AT Fle] YRET} 22 AlFe] 7]oi= Adso] 2—3)
o] 98t o7 wuEdek!’

FEE A7 AF gl Rl ZREIA 1 Aol s
SiOx9} F=vlE H3sglS wl 12204 Anatase T-%7} Rutile
TERETE PFEIAA FEAdo] A FYEE AR HuEHSTh
(agl 10,147

233 7tA& &K

71 FERE AlEe] BT g2 7kl Qe Qe 1 F2to]
A= B2 nEude) §7 1 nEads Ueldis Al 2717t
=03k 9J3kS- 3= 710 2 stk Benzene, toluene, xylene 52
FEAEES AT A gapazie] Agske ddvk Edvka
= 1ARE oJ3lRIY)] BlalA] A7 AL Bk Adfin= 4AITEC R
Bt 1 Faks0] Hold sloR gisixlon o)A tifte] Ml
o}F11 9)*= ultra—micropore (88%) 2] 710i%7} & Ao H7}y
cHad 1)

3. 7IM48% EALI-HER(VGCFs)

31 7[M48% e Rel M=E gy
VGCFsi= 217220 ¥ o7 A% dol/27¢] v|7} >1002!
7)) Aol o] vieAf Fvlle] el ’lslea 71A7E
A58l Bt $5% ol 1 Wy Su7) FiE A
oA d7F A2 3= floating reactant WAYUE R 12), &
ol §1A7} tipeld 77 tip growth 7RI (RS 13(a)),
Ful7} 37} Hoja] 7V 3dEtAl She root growth HIFUSE(
Hydrocarbon

+ o—
Catalyst

Furnace

—_—
Carrier Gas

Furnace

Hydrocarbon
+ —
Catalyst

-—
Carrier Gas

Furnace Fumace

18l 12. Schematics reactors for the production of vapor grown
carbon nanofibers in floating reactant methods.”

153



Gasas A
Hydrocarbon /% ! N
Supply —» * " (arbon
Growth
i Carbon
(arbon = Thickening
Catalyst \

R . T T

Substrate

(a)

Carhnn

Supply Supply
Liquid as
Hydrocarbon
Material

Catalyst
Metallic
Particle

Substrate
S
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process.38 (b) Schematical representation of root growth mechanism of carbon nanofiber using liquid as hydrocarbon material.*®
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H 2. Basic Properties of Submicron VGCFs®

Carbonized | Graphitized | Units Method
s—VGCFs? | s—VGCFs®
Lattice constant (C) 6.900 6.775 A XRD
Diameter of fiber 0.2 0.2 pm SEM
Length of fiber 10-20 10-20 pm SEM
Volume density 0.02-0.07 | 0.02-0.07 g/cm3 Tapping
Real density 1.9 2.1 g/cm3 Pycnometer
Surface area(BET) 37 15 m*/g | Ny absorption
Ash content 1.5 0.03 % SDK
pH 5 7 - JIS-K6221
Startmg ter.nperature 550 650 T TGA
of oxidation

#Carbonized s—VGCFs indicate the sample heat treated at 1200 C.
®Graphitized s—VGCF's indicate the sample heat treated at 2800 C.
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12! 14. SEM pictures of (a) the carbon anode sheet containing
s—VGCFs in a commercial cell and (b) enlarged one.*
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18! 15. Cyclic efficiency of synthetic graphite(HTT=2,900 C) as a
function of added weight percent of graphitized s—VGCFs, in the
range 0 to 1.5 V, with a current density of 0.2 mA/cm? %4
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8! 16. Bicycle and screws using VGCFs composite(courtesy of
Prof. Morinobu Endo, Shinshu University).
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