Uzhgorod University Scientific Herald. Series Plegsissue 16. — 2004

MECHANICAL PROPERTIES OF CARBON
NANOTUBES

S.Ya.Brichka, M.l. Terets, O.l. Svistova, S.L. Revo

Institute of Surface Chemistry, GuN®va str., 17, Kyiv, Ukraine
e-mail: serg_1971@ukr.net
Approaches to template synthesis of nanotubulamdoof materials are de-
scribed. In this work the carbon nanotubes radidbmnations with different wall
thickness and different diameters were measured AWM method. The
dependencies of striking forse from deformationatabes three types were built;
linear dependence in accordance with Hook’s lawnforotubes by diameter 43 and

54 nm; quadratic one FAD? for nanotubes by diameter 22 nm and &DB? for the
most thin single-wall nanotubes by diameter 1,6 nm.

Introduction

It would be expected that mechanical with frequency 250 kGts and amplitude 9,5-
properties of carbon nanotubes (CNTs) can 12 nm. The probe had the spherical form
depend on geometrical parameters, thicknesswith curvature radius R=10 nm, the average
of the walls and interlayer distances. Discov- hardness of cantilever made up 8\Bm.
ery of carbon nanotubes, their identification, Quantitative information of the interaction of
definition of atomic structure parameters, the probe with the surface was defined by the
geometry are connected with the develop- changing of the amplitude of the probes os-
ment of atomic-force microscopy (AFM). cillations AA. Force of the periodical probes
Investigations of their mechanical and mate- pressure on the sample was changed by the
rial properties reveal that these materials pos- regulation of the height of the position of
sess very high stiffness and strength charac- console (set-point) [5]. The single- and mul-
teristics. A review of the available literature tiwalled nanotubes which have external di-
reveals that relatively few investigations have ameter 1,6; 43, 22 and 54 nm were investi-
been conducted into the full range of me- gated . The contact of silicaprobe
chanical properties of nanotubes [1, 2]. (E=1,510" Pa) was realized with cylindrical

This work shows the own experience nanotubes under the forces in a diapason (3-
according to synthesis and definition elastic 21)x10° N.
characteristics of nanotubes with different

diameter and thickness of the walls under the )
tention due to the ability to have the massive

Experimental part high density of well-regulated nanotubes.

The carbon nanotubes were synthe- Choice of the precursor is defined by acces-
sized by a matrix method in the argon atmos- sibility, price, conditions exploitation, its
phere under 500°C during 5; 30 and 240 nature (saturated, non saturated hydrocarbon,
minutes in accordance with wall thickness of atomic correlation of carbon to other atoms).
nanotubes ~ 2,4 and 11 nm correspondingly We used the sources of carbon (precursor)
[3, 4]. Single-wall nanotubes were synthe- the molecules of whish contained the carbon
sized by electro-arched method. After the in the quantity ¢ C,, C; (saturated mole-
separation of the carbon nanotubes from ma- cules CHCN, CS and unsaturated .85,
trix, their identification was carried out by C;Hg). The choice of the carbons source
transmission electron microscopy (TEM) and mainly influenced on temperature of the py-
the AFM (NanoScope llla). Exploration of rolitical synthesis CNT by template method,
the lateral surface of the carbon nanotubes however we did not found out the direct de-
was made in regime of the periodical contact pendence of temperatures of the synthesis on

Results and discussion
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carbon—carbon energy bonds of precursors. It ties of the surface: the more rigid parts of the
is necessary to mark that the using of the surface will crush less and the difference of
same templates type — oxide aluminum
membrane gave the possibility to compare to @
confront the peculiarities of the synthesis it \
their properties. Temperature interval of
CNT synthesis from acetylene was 700-
800°C, toluol - 1000-1150°C, dyhlormethane
- 400-600°C, acetonitryl - 700-1000°C, mix-
ture of carbon bisulfide with dychlormethane
- 400-600°C. Found that the using of the pre-
cursors CH2CI2 was very successful con-
cerning the lowering of the CNT formation
temperature (by 250°C in comparison with
acetylene) [6, 7].

The TEM and AFM photo’s of nano- |
tubes [7] (the time of the synthesis of 30 &}
minutes) are shown in figure 1. Their diame-
ters are 40-60 nm. Sparse of the meanings of ™
tubes external diameter connected with a
sparse of the meanings of the internal diame-
ter nanopors of oxide aluminum, where the
synthesis took place.

The results of the measuring of the
carbon nanotubes radial deformation with dif-
ferent wall thickness, which were made with
the help of AFM in regime of the periodical
contacts of the probe with the model (tape-
mode) [5], are shown in the table [8]. It is
shown the heights of the lieing nanotubes un
der the pressure of the microscopes probe u
der the different meanings set-point.

It follows from the data that the ampli-
tude of the oscillations of the cantilever free
end, which is registered by the optical system
lessens from 12 to 9,5 nm under the approac
ing of the probe to the lateral surface of nano
tube as the result of the elastic reaction of th

pressing nanotube under the action of force ° Data tupe Phase 2:00 um
Very little radius of the curvature of the probes 2 range 50-00

point (10 nm) leads to the significant contact b

pressure, which have to arose contact deforma- Fig. 1. TEM (a) and AFM (b) images
tion. During deformation the nanotube external U OfCONT

diameter lessens; it is registered by the reduc-

tion of the height AFM-profile under the vari- 50, jitdes oscillations\A will be less than
ous meaning of probe force influence. Value Ator mildes models.

— difference between amplitude of free oscil- Previously the correction of the ampli-

lations of probe (12 nm) and amplitude ,4e of free oscillations of probe was carried
of established oscillations under the contact out in order to fulfil the condition of forces

with surface, used as the measur_ed IO"’“""me'equality of the electrostatic repulsion and Van-
ter. The valueAA depends on elastic proper-
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der-Valseforces of attraction (F=0) and curve force (F) on the value of absolute deformation

F=f(D) passes through zero of decart coordina{AD) for all investigated nanotubes are shown

in figure 2. There are three types of depend-

Table ence’s: lines dependence in accordance with

A set-| The height of the nanotube unde Hooks law for nanotubes by diameter 43 and
point, pressure of the AFM probe, nm 54 nm, quadratic one (F4pfor nanotubes by

-

nm diameter 22 nm and for the most then single—
Single- | 5 min 30 240 walled nanotubes by diameter 1,6 nm F> D
walled | (1,8) | min min underAD> 0,4 nm. According to the facts the

(wall, (3,8) | (10,9) dependence of coefficient of probes elasticity

nm) of nanotubes (k) over their internal diameter is

9,5 0,997 | 41,67520,759| 52,001 built (fig. 3). From the figure 3 we can see that
10.6 1112 | 42.56521.305] 54.029 coefficient of elasticity reduces monotonously
’ ’ ’ ' ’ while diameter of nanotube increases.

11 1,606 | 42,52721,615| 54,412 The absence of linear dependence
12 1,610 | 43,366 22,079 F=f(D) for seconds mentioned models have to
Ao, 11,01 12.0 11.3 10,8 be attached to the beginning of the consider-
cor. able contact pressures which lead for contact

deformation due to very little radius of curva-

tes. This position of probe in considered as thdure of probes point (10 nm) and a small radius
point of reading (D=0: F=0). Corrected mean-©Of cylindrical ngnotubes (0,8 qnd 11 nm).'lt
ing Ao for different models distinguishes be- €@ be explained that contiguous bodies

tween each other a little and they are shown iffhange in form and approach for some dis-
the last line of the table. tance h thus some contact ground appears in

Kinetic energy of the striking cantile- the form of ellipsis by the area &b (a and b

ver on the surface of nanotube and defining by2'® Semiaxes of ellipsis) m — stead of the point
the quantityAA transforms into potential en- of contact under the action of needle over the
ergy of the elastic deformed nanotube with themodel with some force F . This task is exam-
balanced diameter on valueAD. The less med/zby Herts and gives the dependence like
diameter of nanotube the more the degree 0F~h3 [9]-

the relative its deformatiorz); € reaches 38 %

for single-walled nanotube ardsharply falls a0 - k. H/Mm

to 4-6 % for multiwalled nanotube. -
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0 ‘ — Fig. 3. The dependence of elastic coefficient afara
0 1 2 AD.HM tubes over their diameter
Fig. 2. The dependence of the force influence obpr Hert's law is fulfilled under the small

over the nanotube from absolute deformation obiine changes (1-2 %) in comparison with radius of
for the single-walled nanotubes)( multiwalled ones curvature of contact surfaces. Under these
with diameter 43 nmgj), 22 nm g) and 54 nnqr) . .
conditions the considerable contact pressures
The curves dependence of interatomicappear which give the contact deformation.
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However during the investigation of DNK result of crush but the transforming of the cy-
molecules which have cylindrical form by ra- lindrical nanotube into nanotube in the form of
dius 1 nm by the AFM method, gives big de- ellipsis from the beginning. Elastic deforma-
formation (18 %) and is not described by tion of the wall nanotube depends on diameter
Hert's law. We can see the usual linear de-of nanotube but the linear dependence BB-k
pendence. may testify about “ideal“ dempfiringbility of
Quite another type of dependencethin wall nanotube by large diameter (> 30
(F~IP) is observed for single wall carbon nano- nm). There is no complete theory AFM of pe-
tubes by radius 0,8 nm und&b>0,4 nm. The riodical contact which would allow quanta-
last means that short-acting Born-forces oftively connect parameters of the experiment
repulsion dominate in single wall nanotubes(quantity of amplitude and displacement of
under strong deformation for short distancesphase oscillations of probe) with intensity of
Their appearance is connected with overlapforce influence of probe on the model and with
ping carbon’s atom electronic covers by reduc-local viscid elastic properties of the model.
ing the distance between them (under flatten-That's why AFM force modulation under the
ing of cylinder) during the deformation proc- interpretation of experimental results is limited
ess. Interaction takes place between atomby qualitative analysis involving some model
which are situated in semilayer from the siderepresentations.
of probe and atoms — in semilayer from the
side of support. Index of the degree reduces up
to n = 2 under small degree of deformation for Thus template method ensures the nec-
nanotubes by radius 11 nm<6 %) and for essary.condltlons for'preparatlon of nanot_ubes.
nanotubes by the biggest radius: 21,5 ng# AC_C(_)rdlng to measurings thg dependencies of
%) and 27 nm&4 %) Hook's law (n=1) is striking force from deformation nanotubes of

fulfilled. The lower index of the degree in th_ree types were bui_It: lineas in accordance

nard-Gohns points to overlapping of electronicquadratic F~D for nanotube by diameter 22

covers only in some carbon’s atom. nm qnd for the most thin single wall nanotubes
In a case of contact of spherical probebY diameter 1,6 nm F~D
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MEXAHIYHI BJIACTUBOCTI BYI'VIEHEBUX
HAHOTPYBOK

CJ. bpuuka, M.1. Tepens, O.1. CgicToBa, C.JI. PeBo
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3anpornoHOBaHO TEMIUIATHUH MeToJ CUHTEe3y. B poboTi MeTonam aToMHO cuilo-
Boi Mikpockormii Oynu BuMipsiHI pagianbHi aedopmaiii ByrieneBux HaHOTPYOOK 3
PI3HOIO TOBIIMHOIO CTiHOK 1 pi3HUM JiamMeTpoM. [loOynoBaHi 3aJeXHOCTI CHIH
3KUMY Bix aedopmanii HAaHOTPYOOK TPHOX THIIIB: JIiHIMHA Yy BIJIOBIAHOCTI 1O 3a-
kony I'yka mis HaHoTpyOOK miamerpom 43 u 54 um; kBagpatuuna (F ~ AD2) s

HAHOTPYOOK miaMeTpoM 22 HM 1 A OJHOWIAPOBHX diaMeTpoM KyOiunHa 1,6 HM
F ~ADS.
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