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Flow chart of CNF studies in Yoon Lab

| Standard CNFs Mass Production of CNF |
PCNF, HCNF, TCNF —_—
Accordion CNF atch process
Pressurized Process
| Target optimized CNFs CNFs from Waste Gases
Small CNF,

High SA CNF,
Highly Graphitic CNF
Highly Dispersive CNF

Structural Modifications l

N-doped CNF Activation
Electric oxidation
= e Nano-graphene
‘ CNF functional composites I Mescosratis GHES

CNF-NG, CB

CNF-Si, Si0, TiSi ’
CNF-Si0,, CNF-MgO

Electro-spun CNF |

Indoor pollutions
Dilute NOx
De-metal, De-particulates

‘ Metal & Metal Oxide Nano-chain

Fe;0,4, MoO; nanochain
Si0,, SiC nanofibers
Pt, PtRu, Pd, Au nanochain
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Research scope of Yoon’s Lab

® Synthesis and applications of functional materials
. K X ® 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,

Coal and Petroleum - Selective Reactions

Sick house gas, Nano-particles

Hydrogenation-C1, C4 Chemistry. Highly-purified Fuel
t Gas storage and separation: CH4, H2
,— Catalyst Preparation _l I
L ) P

Metal, Oxide, Complex, Oxygen, Microorganism

refining and reforming 4 |
] Calcination | Functional Carbons | | Functional Composites
Graphitization
Activated Carbons and Fibers (AC, ACF) (TS
Carbon Fibers (CF) pm— s ACF'ﬁw -
Refined Precursors Needle Cokes Afact. Bcroe T
Gas Olls Sreen Cokes and Calcined Cokes — Carbonization —» Cokes, Binders
Mesophase Pitch e CNF-Composites
CrrerNenl CNF Mixing Nano-particle Composites
s Meso-fication arbon Ranofibers J(GNE) Inorganic Nanofibers
ca Fullerene and its Derivatives 9
Carbonization
e R Chemical, Electrochemical Modification
i B NERED Composite and Functionalizing
Tar Biomass l
I Fundamentals of Carbon Engineering | | Energy | | 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

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

Short introduction of carbon
nanofiber study in Yoon Lab

- Carbon nanofiber general
- Preparation and structural analysis of
carbon nanofibers
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Sample Properties Applications Etc.
KNF-SPR . Diateles Catalyst support 70 g/lday
Platelet high grapht. deg.
2 80 ~ 400 nm, SA 90 m?/g
Nano-rod dyg2 336A, Le(002) 30 nm
KNF-SH Heringbone Composite filler 100 g/day
Haiiin high surface area
h()m’.‘g 70 ~ 500 nm, SA 150 m¥/g
dgpz 3.45A, Le(002) 3 nm
KNF-ST Dbk Composite filler 20 g/iday
Tubiilar thin walls, open tips
high grapht.deg.
Highly
Bh‘i' ! 5 20 ~ 50 nm, SA 90 m¥/g
graphitic dgoz3.37A, Le(002) 13 nm
KNF-FM tubular, hollow Composite filler 20 giday
5215 T
Tubular Flinmd el Catalyst support
Small
diameter
5

Structural variety of CNFs

Typical classification of CNF Structure
- graphene ((002) layers) alignment to the fiber axis, TEM observation

=

< Simple cases of CNF structure >
+However, complicated structure is often found.

*The morphological diversity confirmed simply by SEM cbservation cannot be neglected, considering possibly
their different physical properties,

Various cross sections of CNFs

Polygonal Circle Cross

Different Surface Characterisfics

W2 KYUSHU UNIVERSITY

CNFE

Small & Middle Diameters)

Sample Properties Applications Product
KNF-CM Herringbone, Composite 20-30g/
Small hollow Catalyst day

Highly 7 ~20 nm support
dispersive FED
KNF-CC Herringbone Composite 15-20g/
Small 7~150m Catalyst day
support
KNF-NM Herringbone Composite 50-70 g/
Middle 10~60 nm (30~40) | Catalyst day
support
KNF-NF Herringbone Composite 50-70g/
-\‘hddk 20 ~ 50 nm Catalyst day
Tinear Straightness support

CARBON 42 (8-9): 1773-1781 2004 °
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W KYUSHU UNIVERSITY
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faces of PCNF

Rel) S Lim, et al_ 7. Phyc. Chem. B 188(3), 15331536 2084)
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Control of Graphitic Properties of TCNFs

&

30 B

| % or” % g, oy

335 336 337 338 339 34 341 342 343
dooa( A)

W2 KYUSHU UNIVERSITY

#MiFe37 COM
@ MnFess_COl4
AMnFe73 COM
MnFe37_CO41
©MnFess_CO41
A MnFe73_CO41
HFe COl4
mFe CO41
NiFe462 CO14
#NiFed62_CO41
ONiFe642_CO14
®NiFe642 CO41

Carbon, 42, 1279-1283, 2004

Highly graphitic CNFs

B CNF of similar graphitic properties with Natural Graphite
B CNT usually shows low graphitic properties
B Conductive materials or supports for heterogeneous catalysts

GPCNF-N | Preparation conditions do | Let002)
(rm) (nm)
PCNF Fe catalyst, 620, CO/H2 : 4/1 0.3365 72
PCNF, HCNF
G-PCNF 2800°C heat treatment of PCNF 0.3364 a3
G-PCNF-N 30% HNO3 treatment of GPCNF for 50°C, 8hs 0.3362 152
GPCNF GG-PCNF-N 2800°C heat treatment of GPCNFN 03362 106
Eﬁ &mﬂ BA-G-PCNF Boric acid added heat treatment of PCNF 03359 115
i X T | 20% HNOS treatment of GPCNF for 50°C. 8hs
G-PCNF-N BA-GG-PONF-N | S04 treutmart i 03357 an
BC-G-PCNF Boron carbide added heat treatment of PONF 0.3354 178
= i 30% HNO3 treatment of GPCNF for 50°C, 8hs
BA-GGPCNF-N BG-GG-PONF-N | 7% HNO3 treatment. of CPONT for ¢ 03354 167

J. Phy.Chem. C to be submitted
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Control of surface area

~150 nm
Rough surface

2501 W )

200 4 e
150 4 K )

Surface Area (m’/g)

100 4

o
=)

20 30 40 50 60 70 80
Ni Content (wt %)

* CBF fibers 250 ~ 350m?/g, Metal fibers 20 ~ 200 m?/g

= CBF fibers shows 2~10 fimes higher SA than Metal fibers.
* SEM of CBF fibers with SA around 300 m?/g: small fibrils,
fioril aggregate, and rough surface one like aclivated
one.

W kyusnu vHIvERSITY

N-doped CNFs 12

- = =
S S =
£ 5 T 0=
= =
2 e 8
>~ 40 i 8 8
k- 7z H
s 30 = 6 F
g Py 2
2 ] 4 E
O ] 3 g
g £ 5
£ g b2 g
C Using As the Nitrogen o 15}
Source and Corresponding Sample Names al wl 0
Conditions (at 530° €) TOL ACNO1 ET02 ACNO2 ACNO3 ACNG4 ACNOS
sample  CH,(@)mL Hy(@)mL/ He(g)mL/ N-source(l  N/C (cal.) . oo e
/min min min iq.)" pL/mi atom % * a
n =) A
ETO1 160 40 i} 0 0.0 —A_—/ S, .
ET02 40 40 160 0 0.0 o= A
- P
ACNO1 160 40 0 35 4.6 A 4
LA
ACNO2 40 40 120 35 14.5 o
ACNO3 0 40 160 35 50.0 o A
y
ACNO4 0 40 160 70 50.0 Lt
ACNO5 0 o 200 35 50.0 i

oty

Langmuir, 25(14), pp. 8268-8278(2009)

et
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Catalysts for CNF Preparation

Preparation (Fixed Bed Method)

Mono-metal
- Fe, Co, Ni
- Fe, Co, Ni/ Supports
Support: Alumina, Silica >>> MgO
Bimetallic Catalyst

- Fe, Co, Ni/ Fe, Ni, Mn,
o Trimetallic Catalyst

Catalyst : Transition metals, Their alloys or supported catalyst - Fen CO: Ni / Fen Nl; CU,
Catalyst preparation method : co-precipitation .. ./Supports

1) Best, R. J. and Russell, W. W., J. Amer. Soc. 76, 838(1954)

2) Sinfelt, J. H., Carter, J. L. , and Yates, D. J. C., J. Catal. 24, 283(1972)
Reduction : H,/He(1/9, 200scem//4.5 em diameter tubular furnace, 2h
Reaction : CO(C,H,)/H, (4/1 & 1/4v/v%), 200 sccm// 4.5 ¢cm tubular furnace
Reaction Time & temperature : 1~4 hs, 400 ~ 680 C

Mass flow
controller == =

, ...ISupports

Catalyst
in the quartz boat

/ Cr, Al,

Functions of Second or Third Metals ?

W xYusHU UNIVERSITY CARBON 42 (3): 591-597 2004 W KYUSHU UNIVERSITY  JOURNAL OF PHYSICAL CHEMISTRY C, 112, 10050-10060, 2008

Main Catalyst 2nd Catalyst 3rd Catalyst Mass Prod of CN
@ I Horizon type
Capacity:several grams
Fe:Cr:Mg=6.4:1.6:2 Fe:Cr:Mo:Mg=6:1:1:2 "
MR : 466K 2 : 27.84% Capacity:H-, P-CNF 100g/1batch
& : 40nm £ : 20nm . SRIF
Tubular Tubular T-CNF 20g/1batch
Fe:Mn:Mg=6:2:2 Fe:Mn:Co:Mg=4:2:2:2
o 1168 IR : 11.66%
#E& : 50nm
F8— CNF
Fe:Mg=8:2 Scale up
RE: 1248 @ Vertical type
Fe:Cu:Mg=6:2:2 Fe:Cu:Co:Mg=6:1:1:2 :
IR : 2.0f% :l; 60.2{% Scale up
: 180nm 2
Herringbone CNF I\:emcc‘l type
ressure
Fe:Ni:Co:Mg=7:0.5:0.5:2
IRk : 60.21%
#E&:120nm
T - KYUSHU UNIVERSITY




Primary Structures of Various CNFs
|

Platelet CNF Herringbone CNF Tubular CNF

A y of carbon ds

porpydess | paaedaad sy

Carbon
nano-plate

Carbon
nano-rod

Quantitative ratios and

CNF is composed of carbon - Arrangement of primary structures
Nano-rod and nano-plate, should determine
Structure, graphitizability, and
Most of physical properties of
Resultant carbon nanofibers
—~—

@

Platelet CNF Herringbone CNF Tubular CNF

= Various structures and surfaces of CNFs are determined 18
by the arrangements of primary structural units

Schematic model of nucleation and growth process of CNTs

/N.ﬂf
I il
H - LII[;H

i

Nan-piate

STM images of the pristine (a, ¢)
and graphitized (b, d) carbon
nanotubes, which indicate that
both pristine and graphitized
CNTs consist of rod (a. b) and
plate (c. d) shape structural unit

KYUSHU UNIVERSITY

Small 6.(22), pp. 2526-2529 (2010) 19

Recent new finding by us :
Platelet and herringbone CNFs are constructed by two types
of structural units, a nano-rod type and a nano-plate type.

Structural Models for CNFs

by TEM by STM
axis axis
Platelet CNF % @

WP mf $
0 (6%

Tubular CNF

S-H. Yoon et al., Carbon 42 (2004),3087.
Carbon 43 (2005),1828.

18

Separation of structural units

from CNFs
- From PCNF to Nano-graphene

20




Separation of structural unit (Nano-rod)

Graphitized platelet CNF

o e— £ ane’

Closed Loop Ends

A Rod Unit Separated

fUSHU UNIVERSITY

Separation of structural unit (Nano-platelet)

The relationship between
PCNFs and graphene

Introduction a

KMnO/H;50, | Oxidation

Severe
Oxidation | Estotiation

| bjective

Using oxidation and exfoliation methods to transversely isolate structural unit of
PCNFs for further understanding of CNFs' structure.

@ ACS Nano 2011, 5(8), 6254-6261.

o]

CNF preparation using waste
industrial gases

® Effect of poison gases: H ,S, COS
® Effect of oxidative gases : CO,, H,O
® Effect of different reactive gases

(@ CyH,
(b) CO
(c) CH,

Carbon 2011 (Shanghai) 23

Waste Industrial Gases

Composition of gases (R.T.

@® H,S e Poison gas
—_— Removal (1)

[ ——

gases
CO, Effect on CNF

@ Oxidative
H,0

a—
_________________________________ :
== @ CH4, CzH4} Dif‘fe!'e'nt E
N-containing gases trace C.H,, CO reactivity i
1
.
24




(2) Effect of oxidative gas

- - - L’

. T Gas:C,H,, Catalyst:FN64, Temperature : 560°C
< - Amount: 30 mg
% w (a) C,H, :560°C » Gases: C,H, /H,(1/1)+CO,(0~80%) g 70 p_—
g " 5 0r - Catalyst: FN64
S . 2 50 - Temperature: 560 °C

v
E Total carbon conversion (%) ) + Amount: 100 mg
s v S 30 - Gases: CH,/H,(1/1)+CO,(0~100%)
= =
2o r s CNF weight (g) x 100 8§ 20
[f 0 10 2 30 40 50 60 70 80 = G 10

CO2 Concentration (%) Carbon amounts of gases(g) T o ’

CO2 effect to carbon conversion on the various catalysts at 560 °C 20 20 40 60 80

CO: concentration (% )

Effect on the CNF preparation using FN&4

co,

CO,: 0%

CNF images which are prepared at different amount of CO,

25 26
Conjectured reaction mechanism & MR ch)

1. Ethylene+H,+CO, | 1 cO+H2 to Fe surface
— CO+CH,+... — Growth of CNF_
2. CO spillovers to Fe | pisproportionation reaction

@ CNFs for Battery Study

C2H4
H,

co, H, H,O
\ %A

Fe particle

28
27




Concept of CNF composites

Functional

Selectively
Grown CNF

Material

Adsorption

| Function
» Structure
; ; ’ | swport | Improvement

» Dimensions| =— | e -
+ Adhesion setroce « Hybridization

« Amount Filer |« Creation

- etfc. etc. |
Pretreatment of Catalyst
Surface supporting CNE Growth
S
Functional . 3 3 ‘.&-
Material \ ! 2

’g_t\ ol

KYUSHU UNIVERSITY

Comparison bet. Composite and Mixture

At 1% cycle Cycle performance Retention
2 / rate
15001 Ghirge capacty - g ~500 3 Composite (Fe eat) (CLI0)
‘ 1419 |0 3 "o . S T SR
200 133 o E C g
= 1180 z £ . . Cnr:lpn!lt! (Nieat) @TOM
2 o0] Bickiongs cophce s 2800 . ey
i } - 769 2 4 -
= a2 825 5 100 g 2 . o
s 600 ~ & = . Mmure (CNF) &30
5 \r;cdunueaﬁ:h‘q 420, ® Baoa| * veea,,
| — £ £ A
3001 g9 ssl R . o = Mixture (KB)
‘: L, [¥ 3 ° o RIS |
ol | -
Composite Composite Mixture  Mixture 5 10 15 20 25
(Nicat) (Fecat) (CNF) (KB) Cycle
Volume expansion Superiority of the CNF composite
. e oty e penatmnon onyy (20243} ® High discharge capacity and coulombic

AN r charging o OV

efficiency at 1 cycle

Excellent cycle performance

= Lower volume expansion

= CNF growth provides spaces to relieve volume

VYolume expansion (%)

expansion and conductivities to improve performances

£
&

Composite (Fe cat)  Mixture (CNF) Mixture (KB)

31

Preparation and Analysis of SiO-CNF Composites

SEM

N1
¥ siocoF pacat)

Relative Intensity

Reacﬂon time (ll)s)

A\

10 20 30 40 50 60 70
2Theta
8i0 showed amorphous structure

C(002) peak was observed by CNF growth

XPS
v [ si™ photoelectron spectra
Si0-CNF composite
—

7T s oconrod SO

Relative Intensity

Fe cat. (600°C, P-CNF)

Ref: Yoon et al., Carbon 43 (9)
(2005),1828-1838 108 106 104 102 100 98
Binding energy (eV)

CNF growth decreases Si exposure.

Electrochimica Acta, 55, 5519-5522 (2010) 30

Cycle performances of PCSi-CNF composite

Si-CNF composite Cycle performance
18 Effi.; 75% & .
= 15 W § 1500 "=
S I | E aa
S " Exfoliation }‘ / = = “*l 3 P
;ns "f‘/ = ARG o ST ‘;"‘"a.
= / o 1000 T
é // 3 Try hi ’ PN
i B - PC&EthNFS»HA# x
L =
2 . Stw m
8 507, Steolv
$ R e 0 5 el b
PCSi-CNF PCSi -CNF (Fe removal) PCSi -CNF (PC re-coating)
Effi.: 76% Step I s Effi.: 76% Step IV Effi.: 79%
3 N |
: S )
g X -5.11 ot /,f‘
£ o . G
= e =
. i —— 3eycke
e \———.
460 800 IH‘W 1600
Capacly (mANg) Gapacity mAh g")

The decreased surface area

CARBON, 48, 3381-3391, 2009. 32




Si-CNF composite / Graphite Hybridization

800 > 700
2 700 S 600
E R VS UUSU U
£ 6007 1 ooeesoooooons, %asoo
oo -0-0-0-0-0-0-0-0-0-0-
2 3 500 o0 8 = 4o peeeeseossessssssssaniooooonn
§ = o] moemmeeesoovoscosonoacnses ° [N
o E 3007 oo 2 E 300 50Si/PYC/CNF-30%
s £ T 20SilPyC/CNF-30% S 200 o 50SIIPYCICNF-20%
5 200 o 20Si/PYC/CNF-20% @2 —e— 50Si/PyC/CNF-10%
@ 100 —=— 20Si/PYC/CNF-10% A 100 T one
a —— MAG o
% 5 1 15 20 % 0 5 10 15 20 25 30
Cycle Cycle
Carbon 2011 (Shanghai) 33

Surface-modified PCNF series

Cyclic voltammogram of GPCNF series

J

)

Capacitance (Flg)

=)

Dome-like |
basal plane Ga @2 o 02 o« ds o8
E1v (45 Agihac)

Elemental analysis of GPCNF series

Graphitic edge

— GPCNF-EC

2

N Elemental analysis (wt%)
Samples
Hlc |  ~n |02
diff.)
PCNF 0.33 | 98.15 | 0.05 1.47
GPCNF 0.10 | 99.90 0 0

Recovered GPCNF-NA | 0.15 | 99.12 | 006 | 0.67
graphitic edge | | GpoNF-EC | 043 | 9850 | 0 | 1.37

Recovered
graphitic edge

Langmuir, 22 (22), 9086 -9088, 2006
35

CNEF for Capacitor Study

34

Functional Groups vs. capacitance

Polarized anodic HCNF by binderless polarization condition in 30 wt% H2S0O4

Polarized HCNF under binderless condition in 30 wt% H,SO,

Anode ( 4 electrode) Cathode ( — electrode)
0.104 4 0.104

0,044

0,024

0.004

Tarrent (mA)

0,024

Current (mA)
°
8
\

0,044

004
oo - —— Reauced HONE
006 . —— polrized HONF at 10V
e ; 0.06 T Paarsed N a5V
] — polarized HONF 120V
008 T 0081 Polarzed HONF a1 25V
r Kl
0. T T T T T 1 -0.10 T T T T T J
04 02 00 02 04 06 08 o4 o2 00 02 oa 06 08

Potential (V)

* According to increase of the potential,

Potential (V)

in anode, EDLC and psudocapacitane increased.
in cathode, capacitance decreased slightly. i~
Carbon 49 (1), pp. 96-105 (2011)




Ceramic applications

- Increasing the strength of refractory
through the small amount addition of CNF-

MgO composites

UNITECR2011, Best Oral Award 37

Stress — strain curves

5 CNF content / %
— A0
4 B 0.03
& ﬁ\ T — € 0.07
= 3 2.2times — D 0.3
=~ E 0.27
]
o 2 l_ F 0.40
-
(7))
1
0 0 1 2 3 4 5 6
Strain (x10%)

“"’/ KYUSHU UNIVERSITY

CNF coated MgO (CNF-MgO

Catalyst

Model of CNF-MgO

KYUSHU UNIVERSITY

Scanning electron microscopy
Specimen A (CF : 0%) F (CNF : 0.40%)

e 5. (4 |
9 £, !

- S
. 3 1
o

“"’f KYUSHU UNIVERSITY
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Mechanism of strengthening — II

( Detail : crack arresting)

Tip of the crack
]

CNF-MgO

MgO

Crack Crag

MgO

KYUSHU UNIVERSITY

CNF AS A Novel Nanofiller for Nanofluid Application s

)

AMA X 100 (%)

00 01 02 03 04 05 08
Volume fraction (%)

a) Photograph of CNF-10-water suspensions. Left:
pristine CNFs (0.5 vol %); middle: TCNFs from
plasma oxidation for 30 min (0.5 vol %); right: TCNF-
water suspension diluted 20 times. b) TC
enhancement of nanofluid containing various
contents of CNFs. The dot-dashed line indicates the
theoretical prediction for TC enhancement based on
the Hamilton-Crosser (H-C) equation

SEM images of a) pristine CNFs and
b) TCNFs (CNF-10).
Insets: higher-magnification SEM images

Small, 3, Issue 7, Date: July 2, 2007, Pages: 1209-1213

CNFs for Nanofluid

42

CNFs for Green Organic Chemistry

® CHEMISTRY-AN ASIAN JOURNAL 2 (12): 1524-1533 2007

® JOURNAL OF SYNTHETIC ORGANIC CHEMISTRY
JAPAN, 67, 7, 724-734, JUL 2009

® Organic Letters, 11, 5042-5045 (2009)

44

11



Reduction Catalyst Organic Letters, 11, 5042-5045 (2009)

CNF: surface control

Commercial catalyst

High dispersion

Size control
= :>
~ — “Nano on nano +
Problems of activity approach L.M--CO (BLA=ILalth)

and selectivi
iy LoM---|| L7« vtk

Metal chelation : Thermal decomposition

Fe/CNF-P Ru/CNF-P Rh/CNF-P Pd/CNF-P PYCNF-P
d,, =5.0nm d,,=2.5nm d, =7.6 nm d, =4.2nm d, =1.4nm

YUSHU UNIVERSITY Applications of Modified CNFs

Structure control

Fybridatin ”| oNF/si || onF/sio |

CNF / TiSi
\\ CNF / Graphite TONF-NG/Li

KYUSHU UNIVERSITY 0ut|ine

n Preparation of graphene discs

n Preparation of mesoporous CNFs
n Preparation of partially unzipped CNF

n Electrochemical applications

References

@ Long, D.; Hong, J.Y.; Li, W.; Miyawaki, J.; Ling, L.; Mochida, I; Yoon, S.—
H.; Jang, J. ACS Nano 2011, 5(8), 6254-6261.

@ Long, D.; Li, W.; Qiao, W.; Miyawaki, J.; Yoon, S.-H.; Mochida, I; Ling, L.
Chem. Commun. 2011, 47(33), 9429-9431.

@ Long, D; Li, W.; Qiao, W.; Miyawaki, J.; Yoon, S.—H.; Mochida, I; Ling, L.
Nanoscale 2011, 3(9) 3652-3656.

@ Long, D; Li, W.; Miyawaki, J.; Qiao, W.; Ling, L.; Mochida, I.; Yoon, S.-H.
Chem. Mater. 2011, 23(18), 4141-4148.

Metal oxide dispersion
. Metal oxide
Isolation dispersion
= Capacitor 3
Mesoporous RuO, T0,/RGO
CNF T
Polypyrrole
> Nano—graphene | — Jg'?i'o
4TisO1
Si Li,Tis01./RGO Li-T-O/RGO
l
Nano-graphene FF>tI I Mixin,
/ TCNF Pt/Ru | X ’
- WxG. Activated Carbons | I Graphites I
[
5 | i
Nanofluid Fuel Cell: Capacitor Li-battery
Nano-shuttle DMFC, electrode electrode
Catalyst PEMFC materials materials

vusuv university ] Preparation of graphene discs
Chemically derived graphene via exfoliation and reduction

Y E— X
(1) Isolation into graphene oxide -

10000000 N * X

Oxidation 00000000 * =

0000000
00000000

Y E——X

K=
X=
— X=
X=

graphite
Y

Y E——X

The chemical reduction method is a suitable approach
to producing graphene sheets in bulk quantity at relatively low cost.

However, preparation of graphene with defined shape
is still a challenging work.

12



i xxuswu universrx ], Preparation of graphene discs

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.

Graphene

PCNF Structural unit >

Cutting to structural unit, and th_

S

4

¢ xxusnu vniversirx |, Preparation of graphene discs

Structure of graphitized PCNFs

GPCNF (2800°C)

Sger = 50 m?/g
dyg, = 0.3476 nm

AWz

- xxusnu university |, Preparation of graphene discs
Oxidation, exfoliation and reduction of GPCNF

x X
Oxidation :unu" ™ Sonication . ~« Red
—_— xumm“" —_— —_—
T x x
X =X

x X
Graphitized PCNF GPCNF Isolated Graphene layers
(GPCNF) oxide GPCNF oxides (Graphene discs)

(Graphene oxides)

(1) Oxidation of GPCNF to PCNF oxide by the Hummer’ s method
Dispersion of 1g GPCNF in 100 mL of 98% H,SO,
Addition of 1~7 g KMnO,
Stirring at 0°C for 30 min and then 40°C for 30 min
(2) Washing with assistant of centrifuge
Washing with water and H,0,
Centrifugation at 4800 rpm
Washing with HCI and acetone

(3) Exfoliation through strong sonication

(4) Reduction
Chemical reduction or Mechanical reduction

AWz

- xxusnu university |, Preparation of graphene discs
TEM images of exfoliated GPCNFs
X

X

X x
[LIXIII])
— x'... TR — 3 x
x = K/GP = KMnO,/GPCNF ratio

K/GP =4 K/GP =5 K/GP =6 K/GP =7

13
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«vwswu universirx ], Preparation of graphene discs
SEM and AFM images of exfoliated GPCNFs

« xxusuu universiry ], Preparation of graphene discs
XRD patterns and 13C-NMR spectra of oxidized GPCNFs

1pm Ti T =
(& . F e
& 0.763 nm
3 0.339 nm
2 GPCNF oxide
ﬁ I ] __GPCNF
A PCNF
20 40 60 80

K/GP=3

c=¢ K/GP=2

__—‘M

T T T T T
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Step—by-step cutting model of Chemical reduction of GPCNF oxide
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Chemical reduction of GPCNF oxide
Hydrothermal reduction using NaBH, at 130°C for 5 h
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Mechanical reduction of GPCNF oxide

Wet milling method using nano—dispersion machine
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Thermal expansion of CNF oxide Preparation of mesoporous PCNFs from as—prepared PCNFs
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Characterization of mesoporous PCNFs Preparation of mesoporous HCNF and TCNF
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Preparation of mesoporous HCNF and TCNF
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Characterization of partially unzipped TCNF
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