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practically does not vary with time. Such properties of functionalized
carbon nanotubes are due to the dissociation of carboxyl groups and, as a
consequence, the formation of a negatively charged surface and a double
electric layer [10].
Of particular interest is the fluorination of nanotubes, which significantly
reduces their inertia and is therefore considered as a promising
technological process as the first stage of functionalization of carbon
nanotubes. Fluorination is carried out in a nickel reactor at 420 ° C in a
stream of molecular fluoride produced by electrolysis of potassium
trifluoride KF ∙ 2HF and containing up to 3 wt.% HF . In this interaction of
fluorine atoms with carbon nanotubes occurs due to the covalent
attachment of fluorine atoms to the graphene layers of the carbon skeleton
without destroying the latter and is accompanied by a change in the
hybridization of valence 2s and 2p-states from a triangular (sp2) to the
tetrahedral (sp3) [eleven]. Treatment of carbon nanotubes with ozone
leads to the formation of surface ozonides, which when processed with
sodium tetraborate are transformed into hydroxyl groups. Hydroxylated
carbon nanotubes are also obtained by mechanochemical treatment in an
alkali environment.
Treatment with "cold" plasma is possible with the functionalization of
carbon nanotubes with addition of amino groups (NH 3 plasma) or the
formation of CF (CF4 plasma). It is known that carboxyl groups covalently
bound to the framework of carbon nanotubes can serve as "anchors" for
grafting all sorts of functional fragments, for example, biologically active,
fluorescent, biopolymer. One of the typical schemes of successive
functionalization of carbon nanotubes, shown in Figure 13, consists of
grafting carboxyl groups using oxidants, treating them with thionyl
chloride or oxalyl chloride to convert them to acid chloride groups, which
subsequently form amide groups with amines [12].
IR and X-ray photoelectron spectroscopy showed that after treatment with
a mixture of sulfuric and nitric acids, t-multilayered carbon nanotubes
contain C (O) OH (13 at.% Carbon), C = O (11 at.%) and C- O (4 at.%). The
resulting tubes were amidated by the reaction of an acid chloride with
diododecylamine. The solubility of the carboxylated tubes in water is 3.13
g / l, the amidated tubes dissolve in chloroform to a concentration of 1.3 g
/ l [21]. The amidation of carboxylated multilayer carbon nanotubes in the
presence of carbodiimide is described, and the electrochemical
characteristics of functionalized tubes are studied. The possibility of their
effective use as an active element in amperometric biosensors is shown
[13]. Exceptionally high solubility in water (10 mg / ml) in the pH range 514 was achieved by amidating lysine with carboxylated and then
transferred to the chloride form of multilayer carbon nanotubes.
Amidation of carboxyl groups of carbon nanotubes using long chain
alkylamines leads to the formation of stable dispersions in non-polar
solvents [14].
To enhance the adhesion interaction between carbon nanotubes and the
polymer matrix, the covalent attachment of polymer chains to the surface
of nanotubes is possible. One option involves the use of modified
polymers, for example, polystyrene with a terminal azide group or
polystyrenite, etc. Another option is to attach to the carbon nanotubes the
particles - initiators of the polymerization and the subsequent addition of
the monomer. [14]. Non-covalent modification consists in the content at
the surface or the formation around the multi-walled carbon nanotubes of
chemical compounds that are related to the structure of carbon nanotubes
by van der Waals, electrostatic and other forces. Non-covalent
modification is a consequence of physical sorption of gases, vapours,
organic derivatives, fats; doping of carbon atoms, followed by the
replacement of other chemical elements by atoms; decorating the outer
surfaces of nanotubes with other substances and using them as matrices
[15]. This type of modification affects the change in the geometric features
of the structure of carbon nanotubes, the formation of topological defects,
functional groups, alloying and inter-calated substances.
Of great interest is the work on the modification of the surface of multiwalled carbon nanotubes by metal nanoparticles to give specific
properties to carbon nanotubes [16]. As a result of the production of
cerium (IV) oxide with CeCl3 at 10 ° C on oxidized carbon nanotubes
through the heating stage of the reaction vessel at 450 ° C, the size of the
oxide nanoparticles obtained was ~ 6 nm. During the precipitation of
cerium hydroxide in a more alkaline solution or at 20 ° C, the average
particle size increased to 10-15 nm. The homogeneous deposition of
nanoparticles on carbon nanotubes does not correspond to the nature of
their surface. It is believed that the centres for the formation of metal
nanoparticles are chemisorbed oxygen or defective portions of the
graphene plane of carbon nanotubes. This leads to the selectivity of the
adsorption centres of metal nanoparticles and affects the formation of
small nanoparticles of metallic compounds. Therefore, the formation of a
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nanoscale metal compound is the result of the template effect of nanotubes
as substrates.
According to measurements of the specific surface, a decrease in the
specific surface area of multi-walled carbon nanotubes from 273 to 50 m2/
g, which is associated with a significant filling of the surface of multiwalled nanotubes due to their modification by nanoparticles of cerium
compounds. The template effect of multi-walled carbon nanotubes
contributes to the "Sticking" of metal nanoparticles on the surface of a
nanotube. They are attached to the defect sections of the outer walls of
multi-walled carbon nanotubes and they are unevenly placed along the
axis of the nanotube. The so-called decorating process is realized as a
result of physical interaction of defective parts of the surface of multiwalled carbon nanotubes with cerium nanoparticles [16].
It should be noted thatnon-covalent modification of carbon nanotubes are
most often used to separate aggregates into individual nanotubes and
increase their "solubility" in various media. In order to achieve this,
surface-active substances, compounds with condensed aromatic nuclei
(for example, pyrene), conjugated polymers (for example, phenylenevinylene derivatives) and biological preparations (DNA, RNA, etc.) are
used. [17, 18]. In the noncovalent modification of nanotubes, the polymer
envelops or physically adsorbs on the surface of carbon nanotubes. On the
surface of carbon nanotubes, carbon is in a state sp2 hybridization, thereby
allowing π-π interaction with conjugated polymers and with organic
polymers containing heteroatoms with an unshared electron pair. The
advantage of the noncovalent modification is that the surface does not
break down and therefore the structural properties of carbon nanotubes
do not change [19].
Since carbon nanotubes have a large surface energy, they show an
increased propensity to stick together and to agglomerate, and their
agglomeration is one of the most serious obstacles for various technical
applications of nanotubes. The size of the agglomerates can reach
hundreds of micrometers [4-5]. In this case, the effect of reinforcing the
matrix material characteristic of the homogeneous distribution of
nanoparticles in the composite is not achieved [6, 7]. One of the most
promising methods for modifying the surface of carbon nanotubes is the
action of low-temperature plasmas of low and atmospheric pressure in a
medium of various gases and vapours of organic compounds [20]. This
method enables the surface to be functional without changing the chemical
and physical characteristics in the sample volume. The formation of
oxygen-containing groups on the surface occurs both in oxidation
processes and in the inoculation of polymers formed under the action of
plasma.
It is known that the introduction of modified carbon nanotubes into the
composition of composites as fillers in plasma makes it possible to
significantly improve the homogeneity of their distribution in the
composite material. The maintenance of composite carbon nanotubes in a
composite material results in an improvement in the mechanical
properties of composites. The tensile strength, elongation, and Young
modulus of composites based on polyimides and carbon nanotubes
modified in Ar plasma with the su
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stabilizing action of a high-molecular compound is sufficient activity of the
surface of nanoscale metal particles with respect to the polymer forming a
highly strengthened adsorption-solvated structured film on the surface of
the dispersed phase. Protective polymers form sufficiently strong
structural grids in the volume of the dispersion medium on the surface of
the particles of the dispersed phase. The degree of stabilization can be
different - these are continuous transitions from the formation of
structures only with adsorption layers to the structuring of the entire
volume of the dispersion medium. Especially stable are colloidal
adsorption layers, which are formed at significant concentrations of high
molecular substances [24].
Sometimes a structural grid appears in the solution, where the metal
particles are arranged in groups, forming chains of various shapes and
lengths. In it, colloidal particles bind units of different or identical macromolecules. It should be taken into account that the processes of particle
coarsening and adsorption of macro-molecules on the surface of the initial
and emerging particles simultaneously (and influence each other) take
place in the system. In this case, the aggregate stability depends on the
ratio of the rate constants of coagulation and adsorption [25]. When two
nano-sized metal particles covered by a layer of adsorbed soluble polymer
chains approach each other to distances less than the total thickness of the
adsorption layers, an interaction appears between the layers, which leads,
in most cases, to the formation of repulsive forces between the colloidal
particles.
The quantitative contribution of the polymer component to the interaction
energy of the particles depends both on the parameters of the adsorption
layer of the polymer on the surface (the proportions of the elementary
links of the macro-molecule contacting the surface, the degree of coverage
of the latter polymer, the thickness of the polymer layer, etc.) and the
parameters of the macro-molecules in solution. The adsorbed polymer
layers on the surface of nanoscale particles can be considered as a kind of
medium - polymer solution, which determines the interaction forces
between the particles of the dispersed phase. It is obvious that at very high
packing density of adsorbed molecules on the surface, when macromolecules almost lie on it, the interaction between the particles is
negligible. When the particles approach and overlap the adsorbed layers
of the polymer, an interaction arises due to the "meshing" of the loops. It
is the area of such overlap that can be considered as a medium (polymer
solution). With mutual penetration of two adsorption layers, it is possible
to exhibit effects due to a decrease in the number of possible
conformations of the macro-molecular chain and a change in the
concentration of segments in the overlap zone, accompanied by a change
in polymer-solvent interaction and the appearance of local osmotic
pressure [25].
Despite the fact that the main theoretical provisions concerning the
formation and stabilization of colloidal dispersions are mainly related to
polymer emulsions, they, apparently, can be fully applied to nanoscale
particles. The differences can be of a quantitative rather than qualitative
nature. In particular, as already noted, the attractive forces between
particles of dispersions of organic polymers are much less than between
particles of metals, their oxides and salts. Many aspects of the effect of
additions of high molecular compounds on the stability of nanoscale
particles have been studied, but the mechanism of the stabilizing action of
polymers has not been completely clarified, and the theoretical basis for
their scientific selection for these purposes is in the initial stage of
development. This is due to the great complexity of polymer dispersed
systems and the variety of factors responsible for the stability of metalcontaining nanoscale particles. Experimental data suggest that the most
promising stabilizers among non-ionic polymers will be those that form a
sufficiently thick or dense adsorption layer on the surface of the particle.
For charged macro-molecules, the use of similarly charged polymers with
a high charge density is more promising.
In general, the stabilizing effect of a high-molecular compound is
determined by a number of additional factors, in particular, the degree of
polymerization, the type and number of functional groups, the nature of
their distribution along the chain, and so on. The strength and rigidity of
the protective layers, their spatial extent, as well as the way of polymer
attachment to the particles, are the most important characteristics of the
stabilizing action. In the theory of systems under consideration, two
groups of problems can be distinguished with a certain degree of
conventionality [26]. One of them is the subject of study of classical colloid
chemistry and physical chemistry of surface phenomena. This includes, for
example, a description of the electro-surface phenomena in colloidal
systems. Another group of problems is associated with the traditional
sections of the physicochemistry of polymers. One is usually distracted
from the details of the interaction between colloidal particles themselves
and focus on the pure polymer contribution depends on the

concentrations of dissolved macro-molecules, the nature of their
interaction with particles, thermodynamic properties of the solvent and
the like. In a real situation you need a combination of these approaches to
stabilization of nanoparticles.
A distinctive feature of carbon nanotubes is that they have a large surface
energy, and, therefore, show an increased tendency to aggregate.
Currently, the process of their agglomeration is one of the most serious
obstacles to their wide application. To solve this problem, many
researchers suggest a surface modification of carbon nanotubes. In earlier
studies, a scientific team of specialists from the Russian Chemical
Technical University named after D.I. Mendeleev demonstrated the
possibility of adsorption modification of carbon nanotubes by various
surface-active substances [27-30]. However, the process of processing
solids in disperse systems, including carbon nanotubes, is affected not only
by the ratio of the selected components, but also by various technological
parameters. Having investigated the influence of various technological
parameters on the processing and modification processes, it is possible
not only to correct the system, but also to obtain the initial data for scaling
the process to an experimental installation.
3. METHODS
The processing of carbon nanotubes was carried out on a laboratory
dispersing unit LDU-3MPR (Production by LLC Labotex Russia). Control
over the process was carried out by changing the hiding power of the
paste. The formulation for the modification was created on the basis of
studies previously conducted by the scientific team, and includes carbon
nanotubes, surfactants (cationic acrylic block copolymer and non-ionic
polyethylene glycol monooleate).
4. DATA, ANALYSIS, AND RESULTS
The most important technological parameters in the processing of such
systems are, - the angular velocity of rotation of the mixing device, the
temperature and the number of dispersing bodies. Thus, for example, the
shear stresses and the shock pressure created by the agitator depend
directly on its angular velocity. To investigate the effect of the angular
velocity of the mixing device on the process of modifying carbon
nanotubes, a multi-plate mixer was chosen, as is most often used for
similar purposes. The modification was carried out with a solvent - ethyl
cellosolve.
It should be noted that when a multi-plate mixer is used, the energy
transfer in the container is due to the adhesion forces of the processed
mixture to the disks and cohesion forces of the system itself. Under the
action of the stirrer, vortex flows and the radial flow of dispersing bodies
are formed in the container, as a result of which the process of processing
takes place (also called "dispersion"). In view of the large circumferential
velocities, large velocity gradients appear around the disks, which results
in high shear stresses. Figure 1 shows a typical graph of the change in
hiding power as a function of the processing time of carbon nanotubes
(modification).

Figure 1: A typical graph of change in hiding power as a function of time
when modifying carbon nanotubes.
This graph is typical for dispersing pastes of medium and low viscosity,
first a sharp decrease in the spreading rate, caused by the destruction of
large aggregates, then, after a certain limit, the curve goes smoothly, which
is due to the destruction of strong aggregates of small size, and finally the
exit to the plateau in the self-similar region, where the processes of
disaggregation are balanced by secondary coagulation and flocculation.
When plotting the dependence of the hiding power on the angular velocity

Cite The Article: N. A. Apanovich, E. Y. Maksimova, A. V. Alekseenko (2018). Investigation Of The Process Of Dispersion Of Nano -Structured Paints Of Barrier Type .
Journal of Mechanical Engineering Research and Developments, 2(2) : 42-48.

Journal of Mechanical Engineering Research and Developments (JMERD) 2(2) (2018) 42-48
shown in Figure 2, after reaching the self-similar region (about 120
minutes from the beginning of the modification), it turned out that the
curve is complex.

carbon nanotubes, at different temperatures.
As can be seen from Figure 3, all the dependencies of the hiding power
variation on the modification time at different temperatures are identical,
however, with the temperature increase the process intensifies, as
indicated by the data on the dependence of the hiding power on the
temperature after 120 min. from the beginning of the process (self-similar
region), presented in Figure 4.

Figure 2: Effect of angular velocity on the spreading rate, after 120 min
from the beginning of the modification.
At the beginning, when the circumferential velocity is increased from 2.35
to 3.14 m / s, the hiding power decreases, since shear stresses increase,
the turbulence increases and the flow profile becomes similar to
undulating. In the speed range from 3.14 to 5.49 m / s, the curve emerges
on a plateau with a slight slope, in our opinion, this may be due to the fact
that large aggregates are effectively destroyed in the wave-like pasta flow,
but the process of destruction of small aggregates does not occur in due
measure. Only at angular velocities above 6.0 m / s there is a sharp drop
in hiding power, which, in our opinion, is due to the fact that the process
begins, in which smaller aggregates are also destroyed: bodies and paste,
under the action of centrifugal force, are discarded wall of the dispersing
glass, strike against it, and, upon returning to the centre of the disk, their
friction between themselves and the disk occurs, which causes large shear
stresses.
Thus, the modification of carbon nanotubes is advisable to conduct at
angular velocities above 6.0 m / s. Another technological parameter that
has a significant impact on the progress of the processing of polymer
composites containing carbon nanotubes (including the process of their
modification) is temperature. It is known that in most cases the
temperature increase leads to an intensification of the processing process,
mainly due to an increase in the concentrations corresponding to the
beginning of the structuring of the film former solution, the growth of the
surface activity of special additives, and a decrease in the effective
viscosity of the system. Traditionally, the process of dispersing medium
viscosity and low viscosity pastes is carried out at temperatures not
exceeding 500C Since at higher temperatures the saturated vapour
pressure increases and mass evaporation of the solvent occurs, which
leads to a disruption in the formulation ratio of the paste components and
the increase in the viscosity of the system.
Therefore, as the upper temperature limit, we chose the temperature 500C,
and the lower temperature limit of the paste was chosen 180C, since this is
the minimum temperature to which you can cool the paste with water in
the warmer months. Figure 3 shows the variation of hiding power versus
the time of modification of carbon nanotubes at different temperatures.

Figure 3: A change in the spreading power of pastes when modifying

Figure 4: The effect of temperature on spreading rate, after 120 minutes
from the beginning of the modification
It is obvious that at high temperatures, mass-exchange processes that
intensify the process of destruction of the film-forming associates are
accelerated, the desorption of water and air vapour from the surface of
carbon nanotubes is facilitated, and the adsorption of surface-active
substances on them is accelerated, accompanied by the Rebinder effect.
Thus, the process of modifying carbon nanotubes is expedient to conduct
at elevated temperatures, up to 500inclusive.
Many authors distinguish three regimes characterizing the behaviour of
solid-state particles in a liquid medium during the dispersing process.
With a small content of the solid phase, the effect of particle collisions is
small and the behaviour of the particles is determined by the viscosity of
the medium. At some intermediate content of particles the number of
collisions between them increases and the inertial forces become more
noticeable in comparison with the viscosity of the medium. At a high
content of particles of the solid phase, their displacement is so slowed
down that the inter-particle contact predominates in the dynamic
behaviour of the medium. If a small number of dispersing bodies are
introduced into the paste in a spherical shape, then as a result of structural
breakdown, the effective viscosity of the system, the Toms effect,
decreases somewhat, with an increase in the number of these bodies, they
become constituents of new structural formations. The relative
displacement of the milling bodies destroys these formations and the
effective viscosity decreases with simultaneous destruction of the pigment
aggregates.
The change in the size of dispersing bodies affects not only the effective
viscosity of the system, but also the hydrodynamics of its flow. As an object
of study, we chose a glass bead with a diameter of 1.4 to 3.5 mm, while the
volume of the beads loaded did not change. As a result of the studies, it
turned out that when the size of the beads was reduced from 3.5 to 1.4
mm, the dependence of the change in the spreading rate over time was
typical for the processing of filled composites, at first a sharp decrease in
the hiding power, then a smooth decline before reaching the self-similar
regime. To identify the results obtained, it was suggested to calculate the
volumetric productivity of the disperser when using a particular type of
bead [8]. A typical schedule for the calculation is shown in Figure 5.

Figure 5: An example of calculation of volumetric productivity during the
process of modification of carbon nanotubes.
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As a result, it turned out that the maximum value of volumetric
productivity, both in the first and in the second stage, is observed when
using beads d = 2.0-2.5 mm (Figure 6.).
Due to the increasing bead diameter the shear stresses decrease, therefore
it is natural that the productivity of both stages, when using beads d = 3,04,0 mm, is less than in the case of using beads with d = 2,0-2, 5 mm. When
using beads with d = 1.4-1.8 mm, the performance of both stages is also
noticeably less, in comparison with the case of using beads with d = 2.02.5 mm. In our opinion, this may be due to the fact that, in addition to the
process of disaggregation under the influence of shear stresses, secondary
coagulation and flocculation occur. These side processes are probably due
to the fact that the process of stabilizing disaggregated particles of the
dispersed phase lags behind the process of disaggregation. It follows that
for carrying out the process of modifying carbon nanotubes, it is advisable
to use beads with a diameter d = 2.0-2.5 mm.

bodies, glass beads, on the process of modifying carbon nanotubes was
also studied and recommendations on the use of such dispersing bodies
were given. The data obtained show that for the process of modifying
carbon nanotubes in a medium of oligomer solutions, it is possible to use
the scientific approaches underlying the physico-chemical processes for
obtaining filled paint systems. Using the principles of stabilization,
providing the aggregative and sedimentation stability, using the control
technique proposed by the authors, in terms of the spreading capacity of
the material, it is possible to obtain a composite material with high
performance properties that do not change over time (when storing the
material).
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