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Preparation of Bucky Paper using Single-walled Carbon Nanotubes Purified
through Surface Functionalization and Investigation of Their Field Emission
Characteristics
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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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Fig. 3. SWCNT bucky paper produced by
filtration through PVDF membrane filter.
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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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Fig. 6. (a) TGA graphs of SWCNTs in each

purification step and (b) their derivative

graphs with respect to temperature. H-

B-SWCNT is the SWCNTs functionalized

by HDA and subsequently heat-treated.

a9 6(b)ell YEr}Re]l, AP-SWCNTelA 450 T
ojd ¥l3 2%7} HDA 7153 2 F&3 24 &



AL AXNAA 500 T FZLZ2 o|F3stx ¥3a =
T 442 AL #EE 5 Jdo olAL AHAl HA
& AXWA AP-SWCNTe|l Egsol yd A3
Zo] B Agd @a2E0] FAEUAN &7 wolR
SWCNTE°] gz SxA4 43 ¢AA F7t
3197 dEd ReE #ddn HDA 7158 2
22 3 2% AZH-SWCND)A 300 T %
29 FARL2E B & dEd ot f7EY
HDA¢ #&#o] 330 Tol7] W&o HDAZ} £3)
HaA U Agolt HF @A 350 CTolA 30
B ok &4 dA8E & AUMH-B-SWCNT)Y
7% 300 T 2N Azt A8 JdeEpdA got
gx gl 93 HDAZF 43 AAHANEE & F
AT E AARA L 53 AAHA ¥ 4
P 52 dad w2 4R 59 IHE T
3 AAE F UvH23]

3.2 SWCNT bucky #Hol¥ M % MAYSE
M

2¥ 74 PVDF "2 e} o] e 9
8 @A E CNT bucky #HolHe SEM ALRE 4
BIZlth A=A CNTY & #HEd T
o 71F Fo g&  w$ FHAJou, oAl HEo|
dE ~3 um oY 71T EX9 A vk B
EE Bt ol2HE FE EE J]|F CNT
7t FdEe Aol ol A A7) o), & ~
3 um ©o|A¢ 7]Fwte] CNT dlvlg Ao 7)o
e AL & F dAh

a9 7c)lA EE CNT JduEHEL Zol¢t 4
o4& AE At AY vk, FHo2 HEH
FHE ztx ok CNTEo| 37 FAFo FA
He ol usy 2o F A A @Ay F
34N wAD ©@A EEEo AAL
SWCNTE €A THF £vdld 249 + o
SWCNT7F E4t50o] Qe &9o=2HE CNTE
47 & guis By, AASdE 99 ¥F& A
XA Aot Zo] ©l AZH 7t & CNTY 54 o
ol dE YoM vlx] FEL AR M2 g3
A Folet 2L el € FRE Ze "o A
Aok o3 BAge H= Fhol g3 e 3
& oz 7)AH o] shsiFt o] @ CNT
Eo]l F2 & 71¥2o2 FYHH, CNT 2E9 9
B dE Atelel 3 AFS A @k ZH
ZHH bucky ZEE& EIAZ o 7F FYH
o] ¥ CNTEo| &7 wAet Holx o
o2 HEd P2 FA "t Smith S[26]&

407

A7 AAA B3] =8), A20F A53, 20083 59

a3 7. HDA F2 #AA F <A SWCNT
bucky #Ho]®¢ SEM AMA: (a) 0.45 pm

PVDF #2#<l dE EdY, (b) SWCNT
bucky #He°l® EWH, (c) BAZ oz #ZF
® bucky #Heold W mul& AR,
(d) SWCNT ©d WHE9 1ujg A3,

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.

Fig. 7.
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(b) Atz Ay AgS A7t B¢
(duty 1/10, on-time width 100 usec,
frequency 1,000 Hz).

Field emission I-V characteristics of
SWCNT bucky paper measured under
application of (a) DC voltages and (b)
square-pulse voltages (duty 1/10, width
100 usec, frequency 1,000 Hz).

Fig. 8.
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a2 9. SWCNT bucky HolHe AAEUE Y3
A w3} AlA(peak current density : 3.8
mA/cm’ at 2.9 V/um).

Field emission phosphor image of
SWCNT bucky paper(peak current density

: 3.8 mA/cm® at 2.9 V/um).

Fig. 9.
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