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Abstract—Current review paper summarizesthe review
on scanning probe microscopy investigations of the
properties and manipulation of carbon nanotubes, and
moreover, thefabrication and utilization of nanotubesas
novel tips for probe microscopy experiments. For small
aspect ratio nanotubes, the boundary constraints begin
to play a major role in the post-buckling behavior and
collapse need not be as catastrophic as in the longer
structure. It is shown that the post-buckling deflection
causes driving force mainly in the in-plane and out-of-
plane shear modes and the bending mode about the wall
length direction. Depending on the nature and
magnitude of the interfacial toughness, the nano-wall
may under go no cracking, snap-back fracture and snap-
through fracture.
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I. INTRODUCTION

Carbon nanotubes are currently the focus of intense
interest worldwide. This attention to carbon nabetu

is not surprising in light of their promise to elsti
unique physical properties that could impact broad
areas of science and technology, ranging from super
strong composites to nano-electronics [1, 2, and 3]
Recent experimental studies have shown that carbon
nanotubes are the stiffest known material [4, 5 an
buckle elastically (vs. fracture) under large begddr
compressive strains [5&6, 20-34]. These mechanical
characteristics suggest that nanotubes have gigntfi
potential for advanced composites, and could be
unique force transducers to the molecular world.
Moreover, the remarkable electronic properties of
carbon nanotubes offer great intellectual challenge
and the potential for novel applications [7-9].

It has been observed that unbuckling takes plaee at
different load than buckling. This is attributabdethe

fact that the ends of the fibrils detach from the
compressing surface and lose adhesion to it during
buckling and post-buckling. This phenomenon
changes the boundary conditions on the end of the
fibril and consequently modifies the load at whikh
fibril will unbuckle. Hui et al. [4, 20] developed
theoretical model for this process based on Euler—
Bernoulli beam theory and linear elastic fracture
mechanics, which allows the determination of the
buckling and unbuckling loads dependent on the
extent of detachment. We now extend this appraach i
order to predict load-displacement curves during
buckling and unbuckling of a fibril. The resultituad-
displacement curves give considerable insight inéo
buckling, post-buckling and unbuckling behavior of
fibrils. Furthermore, the results suggest thataffef
viscosity, inertia and friction may play an imparta
role in the buckling and adhesion characteristits o
fibrillar mats [21].

II. EXPRINCES

The mixing of the EP resin with the CNFs took place
in a vacuum dissolver (Dispermat AE, VMA-
Getzmann) in order to achieve a good dispersidheof
fillers in the resin. The curing agent was addezhth
and mixed by hand. Finally, the samples were cired
an oven using the same temperature profile foofall
them. The final concentration of CNFs was 1 vol. %.
The produced test specimens were examined by
systematic scanning electron microscopic (SEM). In
Figure laitis observed that a good level of umnifity

and homogeneity is achieved in the EP/CNF mixture.
Nevertheless, some rich-in-CNFs areas are visible
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(marked by circles). The observation of these aireas (a)

larger magnification (Figure 1b) reveals that tiNFS

are well wetted by the EP matrix and no pure CNF [T g e e
agglomerations are formed [10- 12]. N 10 pm ———
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Fig. 1 SEM results of CNF-doped epoxy samples. A) 100
magnification B) x5000 magnification of rich withNEs
area.

Tensile tests of dog-bone specimens were performed
at a MTS 858 testing device with cross-head rate of
mm/min. The visco-elastic response of the variods E
matrix samples was studied by dynamic mechanical
thermal analysis (DMTA). An Eplexor TM 150N j
(Gabo Qualimeter) DMTA device was employed to tsiropmerspitf A
carry out the tests. The specimens were subjeoted t P\
oscillating dynamic loading consisting of a static
preload of 4N on which a sinusoidal wave of 2 Mat .
constant frequency was superimposed. The 10N area
measurements were made under tension loading with
testing frequency of 10 Hz. Heating occurred aita r
of 2°C/min and in a temperature range between 20 to image of an edge region with multiple buckles kit n
150°C. The volume resistivity measurements Were  yajamination. (b) SEM image of a location illusingt
carried out by a resistivity meter (Hiresta UP,  myitiple buckles and delamination of CNTSs. (c) A
Mitsubishi Chemicals) [14-17]. magnified view of a region where CNTs buckled and
interface delamination occurred [18].

Jiptf!

FIG. 2. SEM images of the CNT forests base, ilatgtg
permanent deformation after macro-compressiorSE)|
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FIG. 3. SEM micrographs (a—e) and stress-straia ¢t
illustrating the deformation of a CNT forest coateith a 1
Im Al film that was indented at its edge. Imagesespond
to points a—e on the indentation stress-strainecumyf) [18].

[I.I. SYNTHESIS OF THE COMPOSITE

The most important step is to synthesize this kihd
composite. The idea is to grow carbon nanotubes on
the piezoelectric ceramic discs (Fig. 4). The
piezoelectric ceramic is to be used as a base.

The carbon nano particles are synthesized over the
ceramic. These units are then cured in a suitasie r
matrix to form a composite structure. The most kdab
resin matrix is epoxy. There are different gradés o
epoxy resin, but for experiment purpose the general
purpose epoxy can be used, which is easily availabl
in the market.

The growth of carbon nano fibers can be achieved
using the techniques mentioned below:

— Laser ablation,

— Arc discharge,

— Chemical Vapor Deposition on a substrate,

— Chemical Vapor Deposition in an aerogel,

— Micro fabrication,

— Electros pining,

— Detonation of 2,4,6-triazido-
presence of transition metal.

1,3,5-triazine in
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Fig. 4. SEM image of array of 200umx200um Carbon
nanotube pillars

Ill. RESULTS AND DISCUSSION

[ll.I. EVOLVING POST-BUCKLING
MORPHOLOGIES

A 20-walled CNT as a representative example to
illustrate the deformation morphologies and
energetics of thick MWCNTs under uniaxial
compression. The aspect ratio of the MWCN®P is
=L /d =5, where L is the length, and d is the
diameter of the outermost wall of the MWCNT
(also regarded as the diameter of the MWCNT)

[34].
(a) (b) (c)

Figure 5 Evolution of the deformation morphologiés

a uni-axially compressed 20-walled MWCNT. Each
subfigure consists of four constituent shells a&f #0-
walled MWCNT. From left to right in each subfigure,
the shells are the innermost, the 5th, the 1k, the
outermost shells. (a) Fully relaxed, un-deformed
configuration. (b) At a compressive strain of =
8.23x108, wave-like ripples appear along the 10th and
the outermost shells, while ripples are not obddevan




the other two inner shells. (c) At a compressivaistof

£ =1.18x107?, a helical diamond pattern runs from one
end to the other for the outer three shells. Therimost
shell is further bent and twisted throughout itsgiéa
[34].

Figure 5 shows the deformation morphologies at
different compressive strains. The deformation
morphologies of four constituent shells—the
innermost, the 5th, the 10th, and the outermodisshe
are shown from left to right in each of Figs. 1()).

We observed that, upon constraint-free geometry
optimization as the first step (Fig. 1(a)), thelshim

the MWCNT undergo rigid rotation with respect to
their central axis. From innermost to outermosetay
the neighbouring shells rotate in alternating dioes
(clockwise and counter clockwise). We attributes thi
alternating rotation to the registry-dependent rinte
shell interactions. In particular, the arrangenadrthe
neighbouring shells in the initial configuratiorhét
initial guess) is close to A-A stacking, which is
energetically disfavoured. The rotations of the
neighbouring shells in alternating [34].

Interestingly, after the buckling event (the systsm
now described as postbuckled), the force requioed t
overcome the adhesion at the pinned end of the
nanotube and enter the slip-stick domain is, by
definition, the frictional force. A prediction cae

made about the shape of the buckled nanotube as it

undergoes further compression by applying an ekasti
model of a postbuckled column [23-30].

IV. CONCLUSIONS

The results show, first, the adhesion of long,iglra
single-walled carbon nanotubes to surfaces is
examined using multidimensional force spectroscopy.
It has been observed characteristic signatureken t
deflection and frequency response of the cantilever
indicative of nanotube buckling and slip-stickmatio

as a result of compression and subsequent adhesion

and peeling of the nanotube from the surface. The
spring constant and the elastic modulus of the SWNT
were estimated from the frequency shifts under
tension. Using elastica modelling for postbuckled
columns, it has been concluded that the static
coefficient of friction for the SWNT on alkanethiol
modified gold surfaces and showed that it varieth wi
the identity of the monolayer terminal group.
Therefore, without careful consideration of theirsgpr
constant of the AFM cantilever relative to theicet
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buckling load, high aspect ratio carbon nanotub®AF
probes will buckle during imaging, even in
intermittent contact mode.
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