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Abstract

Purpose - The given paper presents the results on the synthesis of superhydrophobic soot in the flames
& fTerent hydrocarbons (methane, propane, butane and polyethylene wastes) using metallic catalysts.
The mesh-typed catalysts manufactured from nickel-chromium wire and honeycomb-typed catalysts
factured from nickel plates were used. The studies of hydrophobic characteristics of the obtained soot
have shown that the presence of the catalysts greatly influences its hydrophobic properties during
tion. The best indicators, at contact angle of over 160°, were obtained during the combustion of gas
using honeycomb-typed nickel catalyst. The contact angle for the soot obtained during propane
ion using honeycomb-typed nickel catalyst is within 160-165". Tt indicates that soot possesses
wydrophobic properties. The given samples are characterized by a significant degree of graphitization
*5) that is conditioned by the influence of metallic nickel on the structure of the formed soot particles.
ied out experiments in which we used mesh-typed catalyst of nickel chromium wire have shown that
catalysts are less effective. Experiments in which we used silicon substrates with applied layer of
as catalysts have shown that the given catalysts influence structural characteristics of the formed soot
only during the combustion of gas hydrocarbons (methane, propane) but don’t influence the
of soot particles during the combustion of polyethylene wastes. The using of catalysts in the form
an applied layer of metal salts KyFe(CN)s] and CoCl, produces a minor positive effect on
ic properties of soot only during the combustion of gas hydrocarbons but doesn’t produce any
‘during the combustion of polyethylene wastes.
Keywords: catalysts, superhydrophobic soot, combustion, polyethylene wastes.

Jatroduction
The production of superhydrophobic materials is the intensively-developing trend in the modern science

ydrophobic coatingsand their composites are widely used in various fields: building, textile

instrumentation, production of varnish — paint products such as anticing, antisweating, anticorrosion

and etc [3, 4].

ydrophobic carbon materials synthesized in the flame have a number of practical applications,

the production of the hydrophobic granular material [5]. The synthesis process of super hydrophobic

many intermediate stages [6].

ction to the catalyst system, can significantly affect the function and structure of the resulting

Catalyst is a chemical substance that accelerates the reaction, but is not included in the composition of

products; it provides a rapid route for the reaction. The reaction of  the catalyst with the precursor

the formation of an intermediate compound which is converted and spitted into a product and catalyst

caalyst is then again reacts with the initial material and the catalytic cycle repeats many times. The

are metals in the elemental state, or oxides and salts deposited onto an inert carrier substance. The

ive catalysts include platinum, palladium and other platinum group metals. Iron, chromium, cobalt,

ium. copper, molybdenum are less efficient but more accessible.

catalysts used in the process of combustion can be introduced either directly together with the fuel,

wing in a burning flame or by placing it into the flame. In the temperature range of 250-400 ° C the

wombustion has already occurred with technologically - acceptable rate. Currently the creation of
hobic coatings and study of their properties are reported in many publications of various research

18-11). Carbon nanostructures deposited from a flame can be used 1o modify the nydropric surfaces
Frophobic ones [9]. When the carbon nanostructures are deposited on the surface, they form a
aphobic topology. The hydrophobicity of the surface is directly connected with the nanoscale
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roughness of the surface. New methods for the synthesis and characterization of the obtained materials =
being developed now. To change the wetting of the surface amorphous carbon is often used [8]. The techs
for the rapid deposition of the carbon layer was proposed in 2007 [9]. This synthesis method makes it pos
to obtain large aggregates of individual particles (nanopearls) with sizes ranging from 20 nm to 50 [10]. but
synthesis of larger particles is possible. The burning acetylene flame (700 0C) and the catalyst - Nicke! [
were used in this method. To create a layer of carbon 450 micron silicon plate was used as the substrate.
silicon substrate was exposed to flame at a distance of 10 mm during different exposures of time. As a ress
experiments, the authors have concluded that, regardless of the method of processing of the surface facing
flame nanostructures synthesized on carbon are identical [9]. The size and composition of the regions af
formation of carbon nanoparticle which the authors called nanobeads depends on the exposure time (2.5, 5.
min). It is shown that the radius of the nanoparticle with special hydrophobic properties decrease
increasing exposure time. Thus, for exposure times of 5 minutes the first flame zone has a boundary of 23
and for 7.5 minutes it was 20 mm. Large carbon chain structures — nanobeads are easily formed near the o=
of the disc. The architecture of the surface produces a significant effect on the wettability [1 IL
hydrophobic system is known to be primarily dependent on the type of surface coating - its roughness.
thin layer of carbon particles (soot dimensional beads) provides a very low degree of surface roughness.

Films of amorphous carbon (AC) are one of the materials with a low surface energy, that are com
used to modify the surface in order to control their wettability [8]. In the paper [10] there was developes
method for the rapid deposition of superhydrophobic layer being composed of homogeneous carbon na
on the silicon substrate using the method of co-firing of air-ethylene non- mixed flame. Nanobes
morphologically similar to nanopearls of carbon synthesized by Levesque and his co-workers [8]
dissociation of acetylene at 700 0C on nickel catalyst nanoclusters.

In [13], carbon nanostructures were applied on the substrate using a co-annular asymmetrical
reactor [7, 9]. It forms a stable laminar flame with an internal flow of 0.269 1/ min (fuel, 99% ethylene. (-
Inc)) and the outer velocity of 31.7 1 / min (laboratory air). The flow rates of air and fuel have been bases
previous experimental work [9]. Nanostructured deposits were obtained at several heights (2, 4, 6, 8, 10. 15
30 mm) above the burner. At a height of 10 mm the most uniform deposition from the analysis of the &
image occurred. The deposition time varied from 1 to 10 minutes. As a result, the optimum location
synthesis and deposition of carbon nanostructures on different substrates to obtain the maw
hydrophobicity on the surface of the synthesized using non-premixed flame was determined [11]. Valus
contact angle indicate that the hydrophobicity on various substrates of deposited nanostructures at &
heights in the flame is not dependent on the nature of base substrates. At about 10-15 mm above the o
the burner, the surface was more hydrophobic. Coating a substrate with the magnetic fluid increasss
deposition. This surface displays higher roughness and hence higher hydrophobicity compared with depe
on uncoated surfaces.

The authors of [14] used plasma-stimulated method of the chemical vapor deposition of &
nanotubes to create texture on the surface of the silicon coated by oxide film. The process involves twe
steps: applying of a catalyst onto a substrate in the form of nickel islands by melting thin nickel film
islands and growing of carbon nanotubes in DC plasma discharge ( in the gas mixture of acetylems
ammonia) at a pressure of 4 mm Hz. However, the values of contact angles, formed on surfaces of 1=
nanotubes by water drops vary in the range from 84 to 86 °. In particular, due to the fact that the contact
are <90 °, there is possible the condensation of water into the space between nanotubes during ¢
equilibrium. To avoid this, the authors carried out subsequent processing of carbon nanotubes. This proe
also performed based on chemical vapor deposition: the thermal expansion of hexafluoropropylens

radicals results in the formation of CF2 radicals, which polymerize and form a thin leye
polytetrafluoroethylene on the surface of nanotubes. As a result of these procedures, contact angles of o
and off-flow on the surfaces coated by "forest" of hydrophobized nanotubes reach 170 and 160 °, respec

The experimental part
In this paper we have investigated the effect of catalysts on the mass yield of soot particles and «

improvement of their hydrophobic characteristics during the combustion of various hydrocarbes
(propane, methane and plastic waste).

We used 4 types of catalysts:

- "Mesh" catalyst;

- "Honeycomb" catalyst;

- A catalyst in the form of a plate with a layer of metal salts; E

- A dispersed catalyst based on natural aluminosilicates.
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“Mesh» - typed catalyst was made of nichrome wire with a diameter of 0.5 mm. The studies have been
zeed to determgge the elemental composition of nichrome wire using X-ray fluorescence analysis (XRF).
psition of nichrome wire was: Ni-60, 27%, Fe-25,26%, Cr-14,45% and Ti-0,0174% (Fig. 1).

The main elements of nichrome wire are the transition metals: nickel and iron.

te Incaaer oy, %
1 Famars 027
2 Heneso %%
3 ¥pom 1445
4 T 00174

Fig. 1 - X-ray fluorescence analysis of nichrome wire

. To produce a "honeycomb" catalyst of the second type of nickel sheet with a purity of 99.9% plates
wide and 1 cm long were cut out. The ends of the plates were combined, giving it a square shape.
were joined together to form the structure of honeycombs. One of the most important characteristics
wsts is their specific surface area, as well as the presence of structural surface deformation. Therefore
s of «mesh" and "honeycomb" type were pre-etched by nitric or hydrochloric acids. Etching was
out to increase the specific surface area due to the formation of nanoscale protrusions and defects.

To prude the catalyst of third type silicon plate was immersed into a salt solution, and was evaporated
lete evaporation of the solvent. After this treatment deposited metal salt were deposited on the
ot a silicon plate. We used the saturated solutions of salts such as K4 [Fe (CN) 6], CoCI2 » 6H20, La
3. K4 [Fe (CN) 6] / FeNH4 (SO4) 2 » 12H20, FeNH4 (SO4) 2 « 12H20, CoCI2 » 6H20, FeCl3.
on of the silicon substrate was conditioned by the inertness of the material to the solutions of metal
combustion products.

The works [15] to obtain a hydrophobic soot in the regime of catalytic pyrolysis of plastic wastes
were done earlier showed the efficiency of natural aluminosilicates (natural clay) in the process.
flame zone was experimentally found to be optimal location for the metal catalysts of a "mesh" and
comb" type during the burning of gaseous fuels (methane, propane, butane) (Fig. 2). Metal catalysts
ced at a height of 2 cm from the surface of the burner, in the area where the basic chemical reactions

Fig 3).

2 - Schematic image of the burner with a drum- Fig. 3 - Photograph of the process of obtaining
ped soot collector and a catalyst fastened in the superhydrophobic soot using a nickel catalyst of
flame. "honeycomb" type.
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Plates with a layer of catalytic metal salts were also situated in the middle zone of the fla=e
resulting soot condensed on the surface of the plates and the plates simultaneously performed the
of soot collector (Fig. 4). Thermal decomposition of plastic wastes in these experiments were carned
metal flask made of stainless steel in a specially - designed closed furnace.

Fig. 4. The photograph of the unit for burning plastic wastes using the silicon plate coated with »
of metal salts as catalysts.

Results and discussion

The experiments using the catalyst of a "mesh" type made of nichrome wire have shown that fhes
inefficient due to the rapid deactivation of the catalyst and clogging of the meshes by the formes
particles. This process greatly affects the burning of plastic wastes.

Figure 5 shows electron micrographs of the samples of soot produced from the combustion of 3
waste using a metal catalyst of «mesh" type, made of a nichrome wire.

10QHM

c

Fig. 5 - Electron microscopic photographs of the samples of soot particles during the combustion o
polyethylene samples using catalyst of a "mesh" type: a - soot aggregated by individual accumulatioss &
large bulk structures; b - soot aggregated by individual accumulation of small bulk structures: ¢ - comms

angle on the soot surface obtained.

The resulting samples are shown as rounded aggregates of particles and film formations. Thess
soot particles aggregated into clusters of irregular shapes with linear dimensions of the order of 2-3 mu=
Aggregated soot is characterized by individual accumulation of large bulk and (Fig. 5a) and sma’
structures (Fig. 5a, b). These bulk structures are combined with each other and form large clusies
complex shapes. The soot obtained in these experiments does not have superhydrophobic propernes
contact angle ranges 100-110° (Fig. 5¢). The low values of hydrophobicity of the soot obtained are exp
by the low dispersion of soot particles, the lack of structuring and the presence of the large amount of
aggregates (> 1 mm).
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Experiments using the silicon substrate coated with a layer of metal as catalysts, have shown that these
Smivsts produge an effect on the structural characteristics of soot particles formed during combustion of
S zaseous hydrocarbons (methane, propane), and do not affect the structure of the soot particles when
c wastes are burnt.

Fig. 6a shows electron-microscopic photographs of the samples of the separate fragments of the soot
Siuced by the combustion of methane using a silicon substrate coated with a layer of salt FeCls.

a

& - Electron micrographs of the samples of soot particles: and - during the combustion of methane using
FeCl3 catalyst; b — during the combustion of propane using a nickel catalyst of "honeycomb" type.

As the photos show soot particles have a large spread by the size of 20-80 nm, soot particles are of an
wlar shape and they are united into large aggregates. X-ray diffraction analysis shows the presence of
a the composition of crystalline formations, which can be attributed to iron oxide. These characteristics
cate low degree of soot structuring.

Fig. 6b shows an electron micrograph image of the soot produced by the combustion of propane using
galyst of «honeycomb" type (Ni). Dimensions of soot particles are 30-40 nm, spread by the size is
mal, and they differ with clear-cut boundaries, a high concentration of chain formations and degree of
metaring.  The investigations of the soot obtained on hydrophobic properties have shown that the contact
g is more than 165 °, this indicates that the soot has a specific superhydrophobic property (7a).

All the samples were examined for soot hydrophobic properties by measuring the contact angle (Fig. 7).

Studies on the hydrophobic characteristics of soots have shown that the presence of the catalyst during
bustion produces a significant effect on its hydrophobic properties. The best results when the contact
b= exceeds 160 ° have been obtained during the combustion of gaseous fuels using a nickel catalyst of
wcomb type.

b

| a

e 7 - The behavior of water droplets on the surface of the quartz plate coated with a layer of a hydrophobic
seot- a - the soot, obtained using the catalyst of "honeycomb" type during the combustion of propane; b -
W soot obtained when plastic wastes were burnt using dispersed catalyst based on natural aluminosilicates.
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The contact angle for the soot produced by the combustion of propane using a nickel cata’y=
honeycomb type is in the range of 160-165 °, which indicates that the soot possesses superhydropis
properties. The use of the catalysts in the form of the plates with a metal layer K, [Fe (CN)s] and ©&
produces a minor positive effect on the hydrophobic properties of soot only during the combuss
gaseous hydrocarbon, but it produces no effect when plastic wastes are e
The use of salt FeCl;, FeNH, (SO.), produces a negative effect on the hydrophobic properties. When &
salts are used soot having hydrophilic property is formed which we believe is due to the presence & &8
significant amounts of iron oxide which is formed during combustion in the soot content.

Fig. 8 shows electron micrographs of the samples of the soot produced when the products = &
catalytic pyrolysis of plastic wastes were burnt in the presence of a particulate catalyst based on =
aluminosilicates. The analysis of the images shows that soot particles are characterized by 2
spherical shape with sizes in the range of 20-30 nm, chain structure and a small spread by a size. T
of a hydrophobic soot obtained using the method of the contact angle indicated that the contact zses
above 165 ° i.e. soot has special superhydrophobic properties (Fig. 8).

Fig. 8 - An electron - micrographs of the samples of the soot produced during the combustion of the prades
of the catalytic pyrolysis of plastic wastes using dispersed catalysts based on natural aluminosilicas=

The theoretical analysis based on the results obtained show that the structure and topography « &
surface of the catalyst produce a significant effect on its catalytic activity. This can be explained by s &
that the reactions differ in the steric requirements that depend on the process of adsorption on the catz
intermediates, and in general, the more complex molecules intermediates are, the more specific struceas
the influence of the surface structure of the catalyst is. Furthermore, the use of a nickel catalys
"honeycomb" type showed the improvement of the hydrophobic properties of the soot produced bs =
combustion of gaseous fuels. This can be explained by the fact that the particles are composed of rowmss
flattened carbon nanostructures with dimensions of 30-40 nm, which indicates the improvement ®
hydrophobic properties.

Conclusion

The results of the research can draw the following conclusions:

- Applying a nickel catalyst of a «honeycomb" type in order to improve the hydrophobic properti
the soot is useful when gaseous fuels are burnt. In the flame of plastic waste of the catalyst surface coss
with a soot layer, which results in the termination of the catalyst action.

- Use of a catalyst based on natural aluminosilicates, demonstrated their high efficiency to prodss
gaseous products of the pyrolysis of plastic wastes. Their further combustion results in the formation =%
soot having superhydrophobic properties. Thus, it is possible to solve the problem of recycling pis
wastes.
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