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Preparation of Bucky Paper using Single-walled Carbon Nanotubes Purified
through Surface Functionalization and Investigation of Their Field Emission
Characteristics

2HaE', ol S, olaHy’, oy’

(Jeung-Choon Goak', Seung-Hwan Lee', Han-Sung Lee', and Nae-Sung Lee™)

Abstract

Single-walled carbon nanotubes (SWCNTs) were currently produced together with some
contaminants such as a metallic catalyst, amorphous carbon, and graphitic nanoparticles, which should
be sometimes purified for their applications. This study aimed to develop efficient, scalable purification
processes but less harmful to SWCNTs. We designed three-step purification processes: acidic
treatment, surface functionalization and soxhlet extraction, and heat treatment. During the soxhlet
extraction using tetrahydrofuran, specifically, carbon impurities could be easily expelled through a glass
thimble filter without any significant loss of CNTs. Finally, SWCNTs were left as a bulky paper on
the filter through membrane filtration. Vertically aligned SWCNTs on one side of bulky paper were
well developed in a speparation from the filter paper, which were formed by being sucked through the
filter pores during the pressurized filtration. The bucky paper showed a very high peak current density
of field emission up to 200 mA/cm’ and uniform field emission images on phosphor, which seems very
promising to be applied to vacuum microelectronics such as microwave power amplifiers and x-ray
sources.
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Fig. 2. Three-step purification processes of
AP-SWCNTs.
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Aol 93] ¥ SWCNT bucky #Ho]H.
SWCNT bucky paper produced by

filtration through PVDF membrane filter.

Fig. 3.

FALAAE ) A (scanning  electron  microscopy,
SEM, S-4700, Hitachi, Japan)®} F3Az}&v]7
(transmission electron microscopy, TEM, H-
9000NA, Hitachi, Japan), Raman ¥#3%7|(Raman
spectroscopy, Renishaw System 3000, Renishaw
PLC, UK), 9¥€%% +£47)(thermogravimetry
analyser, Sinco STA-1500, Korea)5< o}&3td
AA"® SWCNT bucky Hol® e 4, wA+F2
2 AAH4 5& B4t

2.2 SWCNT bucky Ho|He| HAHwE EA

278 FxE HAAYE 54E ALY
anode AFo 2 HHAY =Xx9 ITO #E
A}-23}9 AL, anode$} cathode AFelel AL 800
m= FASET. 2 JAC BAEY JFH
B A& FA7 A8 249E AlO: 7He l(open
window : 0.7x07 cm)& AH&34th CathodeZ
ozt 9431, HFEE ©]L39 anodedl
Ae A7ty wE ARFE SA4sHH

AL AF Ee A "2y em rtstgd
od, AfY AS nAY FAHF A9 ITFFA
(HCN 1400M, F.u.G. Elektronik GmbH, Germany),
Avzt H2wde] A9 function generator(HP
8161A)9F At FE7)(PO575B.H.EX, TREK
INC,, New York)E AI&3%t. AfFA= HP
34401A9F Keithley 2410€ AM23I5v. AAWE
Ao w3 ARRE YAE 7o gH(COOLPIX 5700,
Nikon, Japan)2 #J3tom, # Al de] 5
< BAF7 H8 videty A=K FEN(TTS
W-CPL, Kenko Co., Japan)& #&3 I 1/500
sect] AHEIE=E Z93Art



3.dx% 3 3

3.1 AP-SWCNTe| XA

B AFgM AMEE AP-SWCNT = ¥ 19
A E S e vk gol £~ UxvH 2
719 dzpge] 2E e, o] YAEL HA
2 gAEA YR Ed &% T3t Yok
Hu %[12]2 Aste FT=9 AAz @
SWCNTY &% AAH oz AFsATh
o] dFolA FA AHele Fo F&£& AAS L,
HAA @2E s, & 448 2N EW
2 FA" 9dy CNT Aol Eo7t= 1‘7]
AR el A MR FAHAF R Hgsrin 5
Aok =T A Ay 2T A AE&oZ CNT
FWo A2EAYY 2L fU|OE5E EUFeR
® CNTE sstgem AR 4 UATG1011,
13,221,

19 4= 242 2 HDAZ 7)% 3% SWCNT
9] SEM Aldeltt, 3 M &9 FAilo= 6A1%
AT (@9 B B4 BEEE JASo] A4t
s A= 2 BYge] ¥IHT AdA L

T 2
5

= A0

dulg Mol s AuFe BeEEE 2
S e e WAL S o 2L HDA 7|
58 2 dA8 T HAME B BEBE

o] A|A AT

Ao 2 6AI7F A%
SWCNT$ (b) HDAZ 7]5388 & g4
23k SWCNT9 SEM o]wu] X,

SEM images of (a) SWCNTs treated
by nitric acid for 6 h and (b) HDA-
functionalized and heat-treated SWCNTs.
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Fig. 5. Raman spectra of (a) AP-SWCNTs, (b)
SWCNTs treated by nitric acid for 6
h(NA-6-SWCNT), and (c) HDA-
functionalized SWCNTs(H-SWCNT).
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SEM images of SWCNT bucky paper
after ~ HDA-functionalization,  soxhlet
extraction, and heat treatment: (a) 0.45
um PVDF membrane filter, (b) top view
and (c) magnified, tilted view of the
bucky paper, and (d) high-magnification
image of a single bundle of SWCNTs.
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Fig. 9.
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