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Synthesis of Silica Coated Carbon Nanotubes by Sol-Gel Method
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Abstract : Carbon nanotube(CNT) plays an essential role in various fields of nano based
science and technology. Recently, silica coated CNT composites are interested because they
are useful for the optical, magnetical, and catalytic applications. In this report, carboxyl
groups were introduced on the MWCNT using nitric acid. In order to maximize the silica
encapsulation efficiency, carboxyl groups of MWCNT reacted with a silane coupling agent
were used to prepare silica coated MWCNT. Due to their strong interaction between modified
MWCNT and TEOS. Silica layer with a controllable thickness was achieved. Silica coated
MWCNT were further utilized as the template for the synthesis of hollow silica nanotubes
after 800 C calcination.
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Silica coated MWCNT

Iq I

Fig. 1. Synthetic procedures for silica coated
MWCNT.
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Table 1. Formulation of Reaction Material for Silica Coated MWCNT

Sample MWCNT EtOH APTES TEOS NH4OH Tem
P (g) (mL) (mL) (mL) (°C)

MWSil 50

MWSi2 0.05 , 1 1 25
MWSi3 0.5

MWSi4 0.05 50 0.75 1 25
MWSib5 2

MWSi6 0.125

MWSi7 0.25

MWSi8 0.05 50 1 05 25
MWSi9 0.75
MWSil0 35
MWSil1 0.05 50 1 1 45
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Fig. 2. FT-IR spectra of (a) MWCNT, (b)
MWCNT-COOH, (c) MWCNT-
APTES.
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(<) (d)
Fig. 3. SEM images of (a) MWCNT, (b) MWCNT-COOH, (c) MWSil, and (d)
MWSi2.

(d)
Fig. 4. SEM images of silica coated MWCNT, various amount of TEOS (a)
MWSi3, (b) MWSi4, (¢) MWSi2, and (d) MWSIb.
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Fig. 5. SEM images of silica coated MWCNT various amount of NH,OH (a)

MWSi7, (b) MWSI8, (c) MWSI9, and (d) MWSi2.

3.4, BET 24

Zoj 2 A&y ool
B4 ADE Table 29 e
4= MWCNT®] HEWA L 21295 mY/go =&
A7t =Y Al Hlﬁwu

Sl E
574

e

UER AL &

A7 o] we

W ey

2ol elmujolsre] oFo] Zr}abel wal 109.22,
9548, 66.87, 4546 = 3459 m¥/g® ZolA|=

Table 2. Pore Properties of Silica Coated MWCNT

& HAY 5 Atk o o ey
oFol whel Aelstel FAF AH FALR
A7k Sl

A

] |

¥ §3E = Adeln At F 2l
MR Fol wel s d F AN
o} 7} =E¥ MWCNTS 800C oA &
A ARE Ay YRR BEHEe
o HaEtl S W 7h%

B.E. T Surface Micropore Micropore | Average pore
Sample area Volume Area diameter
(m*/g) (cc/g) (m*/g) (A)
MWCNT 212.95 0.01133 8.17 287.70
MWSi7 109.22 0.00708 19.10 158.37
MWSi8 95.48 0.01265 23.87 151.70
MWSi9 66.87 0.01073 25.36 116.66
MWSi2 45.46 0.00135 26.29 100.45
Calcination of MWSi2 34.59 0.00761 27.09 90.99
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Fig. 6. TEM images of (a) MWCNT, (b) COOH-MWCNT, (c) MWSi2, and (d) after
Calcination of MWSi2.
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Fig. 7. XRD patterns of (a) MWCNT, (b)
MWSi2, (c) calcination of MWSi2.
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Fig. 8. TGA curve of MWSi2.
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Spectrum 1

Spectrum 3

-2 ol o% BatwRue devt w1y
Element Weight %  Atomic %

CK 32.51 31.25

OK 3511 39.71

SiK 32.38 29.04
Totals 10:0.00 100.00

Spectrum 1

Element Weight %  Atomic %
CK 7.96 14.24
OK 26.57 35.66
SiK 65.47 50.10

Totals 100.00 100.00

Spectrum 3

Fig. 9. EDS of (a) MWSi2, and (b) calcination of MWSi2
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Fig. 10. EDS line scanning of (a) MWSIi2, and (b) calcination of MWSi2

ZAe| 2

2 AT 20109 SE sty gEdT A
[e}

Axge] A A elste] dApHgon, 2

olo] ZHAFE Yo,

1. C. Vix-Guterl, S. Saadallah, L. Vidal, M.

Reda, J. Parmentier, J. Patarin, Template

- 194 -

synthesis of a new type of ordered
carbon structure from pitch, J. Mater.
Chem., 13, 2535 (2003).

S. Iijima, Helical microtubules of graphitic
carbon, Nature 56, 354 (1991).

. G. Che, B. B. Lakshimi, C. R. Martin,

Metal Carbon

and

Nanocluster—filled
Nanotubes:  Catalytic ~ Properties
Possible Applications in Electrochemical
Energy Storage and Production, Langmuir
15, 750 (1999).



Vol. 28, No. 2 (2011)

4.

10.

11.

. Q. He,

E. T. Thostenson, Z. Ren, T. W. Chou,
Advances in the science and technology
of carbon nanotubes and their composites:
a review, Compos. Sci. Technol. 61, 1899
(2001).

Y. Cui, S. A. Y. Tian, J. Li,
Self-assembly of composite nanotubes and
their applications, Curr. Opin. Colloid
Interface Sci., 14, 115 (2009).

M. Haluska, S. Roth, M. Becher,
Hydrogen  Storage in  Mechanically
Treated Single Wall Carbon Nanotubes,
AIP conf Proc., 591, 603 (2001).

. J. Hilding, E. A. Grulke, Z. G. Zhang, F.

Lockwoo, Dispersion of carbon nanotubes
in liquids, J. Dispersion Sci. Tech., 24, 1
(2003).

G. Vasilios, K. Konstantinos, P.
Mauriziom. G. Dirk, H. Michael, A.
Hirsch, Organic  Functionalization  of
Carbon Nanotubes, J. Am. Chem. Soc,
124 (5), 760 (2002).

. H. Michael, S. Johannes, S. Damien, G.

Marianne, P. Matthieu, B. Patrick, L.
Lothar, G. Ralf, [2+1] cycloaddition for
cross-linking SWCNTs, Carbn., 42 (5-6),
941 (2004).

J. L. Bahr, J. M. Tour, Highly
Functionalized Carbon Nanotubes Using in
Situ  Generated Diazonium Compounds,
Chem. Mater., 13 (11), 3823 (2001).

K. Shrivasa, H. F. Wua, Oxidized multi
walled carbon nanotubes for quantitative
determination of cationic surfactants in
water samples using atmospheric pressure
matrix-assisted laser desorption/ionization
mass spectrometry, Anal. Chim. Acta,

628, 198 (2008).

12.

13.

14.

15.

16.

17.

- 195 -

R. Brambilla, G. P. Pires, Octadecylsilane
hybrid silicas prepared by the sol - gel
method, J. Colloid Interface Sci., 312, 326
(2007).

H. Xia, Q.Wang, G. Qiu, Polymer-
encapsulated carbon nanotubes prepared
through ultrasonically initiated in situ
emulsion polymerization, Chem. Mater.,
15, 3879 (2003).

A. Oki, L. Adams, V. Khabashesku, Y.
Edigin, P. Biney, Z. Luo, Dispersion of
amino alkylsilyl ester or amine alkyl-
phosphonic acid side wall functionalized
carbon nanotubes in silica using sol - gel
processing, Mater. Lett., 62, 918 (2008).
G. Cao, D. Liu, Template-based synthesis
and nanotube

of nanorod, nanowire,

arrays, Adv. Colloid Interface Sci., 136,
45 (2008).

Hongfu Zhou, Chen Zhang, Hangquan Li,
Zhongjie Du, Fabrication of silica
nanoparticles on the surface of
functionalized multi-walled carbon

nanotube, Carbon, 49, 126 (2011).

W. Wang, P. Serp, P. Kalck, C . G. Silva,
J. Lut’s Faria, Preparation and
characterization of nanostructured
MWCNT-TiO; composite materials for
photocatalytic water treatment
applications, Mater. Res. Bull, 43, 958
(2008).



