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and nanoindentation. Nanoindentation results vall b
. compared with those reported in from the literature
1 Introduction

Incorporating carbon nanotubes (CNTSs) into
composite materials has become a very promising
topic. A problem with the composite production is 2 1 Raw Materials
that CNTs always aggregate together to form
bundles; the high aspect ratio and the flexibibfy CVD-grown SWNTs and MWNTs were
CNTs lead to the physical. Therefore, the abilgy t provided by Thomas SWAN Co. Ltd, U.K. The
disperse CNTs is the most critical factor for  ification of both types of tube was carried byt

synthesising CNT composite materials. Although 5 gteam treated method which has been developed
CNTs have been incorporated into different mattices recently in the Oxford Nanotube Group [3]. In

the literature describing homogeneous dispersions 4qition, the purified nanotubes were treated \ith
has been limited, especially in ceramic NH,OH-alcohol solution to produce the adsorption
nanocomposites. Recently, CNT reinforced ceramic ¢t athanol functional groups on the tubes. Therglur

composites have been synthesized by conventional a5 filtered and washed thoroughly with ethanol.
powder processing methods, such as ball-milling and Finally, it was dried in air.

hot pressing [1] and novel spark plasma sintering

(SPS) [2]. However, a substantial improvement of 2.2 Preparation of Carbon Nanotube/ Glass-Ceramic
the mechanical properties of the CNT-based Nanocomposites

ceramics has not been reported. One of the key

issues is inhomogeneous dispersion of nanotubes in The aluminoborosilicate glass was made by
the matrix due to the aggregation of CNTs. In this a modification of the ultrasonic sol-gel
paper, single-walled (SWNTs) and multi-walled processing method described in  [4].
(MWNTSs) carbon nanotube reinforced Tetraethoxysilane (TEOS), aluminum sec-
aluminoborosilicate glasses were prepared by a pytoxide, trimethyl borate (TMB), and sodium
modified sol-gel method. Composites containing scetate were used for precursors. Different

;’;gir?cuastegmoﬁ?és r%?cr?)\é\t/m-gtsurgndan'\gwrﬁgih;vn?{:; weight fractions of functionalized SWNTs and
' MWNTs were incorporated into the solAs-

properties of the composite materials were .
characterized by high-resolution scanning electron prepared CNT/glass powders were obtained and

microscopy (HRSEM), high-resolution transmission Passed through a 150pm sie\ze. Then, the fine
electron microscopy (HRTEM), energy dispersion Powders were calcined at 300°C for 4 hours to
X-ray spectroscopy (EDX), Raman spectroscopy femove any organic residualstinally, the

2 Experimental section



Carbon nanotube reinforced glass-ceramic nanocomposites by ultrasonic in situ sol-gel

composite powders were sintered by hot pressing
under argon gas at 110 and 25MPa for 1 hour.

2.3 Characterization

The microstructure and mechanical properties of
the composite materials were characterized by
HRSEM (JEOL-6500F), HRTEM (JEOL
4000EX), TEM-EDX, Micro-Raman
spectroscopy, XRD and nanoindentation.
HRSEM of fracture surfaces and HRTEM
confirmed the uniform dispersion of the
nanotubes. Raman spectroscopy showed that no
damage occurred to the nanotubes during the
hot press process. A coating effect on both
SWNTs and MWNTs was observed, induced by
the in-situ sol-gel processing. Finally,
nanoindentation results will be compared with
results from the literature.
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