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Abstract: CNTs are not individualised in the web, instead they tend o be agglomer-
ated into bundles because their substantial length-to-diameter ratio promotes quite
strong van der Waals interaction [1]. CNTs usually form into bundles containing up to
hundreds or thousands of parallel CNTs and these have been described as nano-
ropes [2]. The present method aims to analyse the CNT's interaction in macro-
structures as well as how to separate nanotubes from bundles and then devise a new
process to handle the density of macro-structures based on the electrical/magnetic

and mechanical properties of CNTs.

Potential energy function for the interaction between CNTs: The interaction en-
ergy of two CNTs can be approximated by summing up the interaction between pairs

of carbon atom, using the Lennard Jones potential [3-6].

Recently Girifalco et al. {3] have developed a continuum approach to calculate the
potential between two nano-structures (for example, CNT-CNT) by integrating the
Lennard—Jones potential over the surface of the structure. In order to separate the

CNTs, the transverse extensional force will be the basic for the dilatation of CNT



bundles. The energy and force per unit length required to reach a given deformation

are determined, respectively as follows
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where 8 = &§/{d, — p), do, d and p are the distance between centres of CNTs before

and after transverse load and length characteristic of the specific in the interaction,

respectively; d (8 = d - d,) is the displacement and [b{dg)] is the energy well depth.

do, p and i&{dy )i depend on the chiral pair of CNTs and are given in [3].

Processing CNTs’ interaction in web using electrostatic/magnetic field ap-
proach: In the web formed from the forest, the bundles are oriented along the draft
direction. It is desirable to have an aligned network of bundles of CNTs in the web
structure as well as control the coagulation of CNTs. The present electrostatic field

approach allows for controlling the CNTs’ density in macrostructures.

Difatational separation of CNT bundles: The dilatation of CNT bundles will be carried
out by the transverse extensional force. Considering a hexagonal bundle of a finite
number {N) of CNTs (Fig. 1), the energy density (per unit volume) needed to sepa-
rate the bundle into individual CNTs is given by [3]

40(d,) Y¥, (31— 1)
E=——"C8F /31 _ (3)
\J'3d0 i=1(21 1)

where i is the characteristic coefficient of the hexagonal array of CNTs, the number of
CNT centre-to-centre iengths that make-up the length of a side of the hexagon en-

compassing all unit cells in the array.



Separating CNT web using an electrostatic field: In the present work, the energy for
controlling CNTs’ interaction in bundles (and then a web) is set up using an electro-
static/magnetic field. The electrostatic potential causes the impulse force between

parallei CNTs and separates the bundles into CNTs.

The process is set-up as shown in Fig.2 where a web of CNT is first fed through a
ring. A high voltage is applied to the ring such that at a critical voltage, typicaily more
than 4 kV, the repulsive force within the charged CNTs’ web is against to the van der
Waals between CNTs and the web is then spread. Stretching of CNT web depends
on the electrostatic forces caused by the voltage imposed in the ring. Fig. 3 showed
the electric field using the electrostatic approach set up as described in Fig. 2. Since
the electrostatic charges are distributed along the CNT web, the control of the elec-
trostatic field allows to handle the density and alignment of CNTs in the webs (Fig. 4).
The achieved results are the basis to develop new processes for producing CNT
membranes and yarns whose structure (CNTs' density) is confrollable. In fact, a
novel multi step spinning process using this technique and based on the modified
spinning process [2, 7] for further improvement of CNT macro-structures has been

successfully developed and will be presented at the conference.
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Fig.1. Schematic of the cross-
section of a hexagonal array of
CNTs.
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Fig.3. Electric field from electrostatic ap-
proach: CNT web (1), ring of high volit-
age {2). Arrows depict the electric field
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Fig.2 Dilatational separation of CNT bundies and con-
trol of CNT web density using the elecirostatic field
approach: a) Schematic of the dilatational separation
of CNT bundles and b} A real process of the dilata-
tional separation of CNT bundles.
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Fig.4 Density of CNT web with different magnitudes of
electric field carried out at USQ: a) Without electric field;
b) Electric field of 4 kV voltage and <} Electric field of 7
kV voltage.



