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Abstract: The paper studies the possibility of superhydrophobic coatings formations at exposure of powder
mixture of polytetrafluorethylene and hydrocarbons having various molecular weights to low-energy electron
beam in vacuum. It is shown that paraffin and PTFE based thin composite coatings may be characterized by
superhydrophobic properties. The superhydrophobic properties are attained due to low surface energy of
the fluorine-containing component and structured surface due to peculiarities of composite layer formation.
The chemical processes observed in electron beam exposed area determine the molecular structure,
morphology and the contact angle of thin organic coatings deposited. It is shown that high-molecular-weight
hydrocarbon compounds should not be recommended for vacuum electron-beam deposition of
superhydrophobic thin coatings because of deep changes in the molecular structure exposed to electron
beam. These processes are responsible for high degree of unsaturation of the thin layer formed and for
occurrence of oxygen-containing polar groups. The influence of substrate temperature on molecular
structure, morphology and hydrophobic properties of thin coatings deposited is investigated. Potentially such
coatings may be applied for deposition on the surface of metal capillaries used in biotechnological

analyzers.

1. INTRODUCTION

If the contact angle of a solid surface exceeds 150°, such
surface is called superhydrophobic [1, 2]. The
superhydrophobic properties are used in various industrial
and biological applications [3, 4]. Two methods are used in
production of superhydrophobic surfaces: 1) creation of
hierarchical structures (micro- and nanostructures) on
hydrophobic substrates, and 2) chemical modification of
hierarchical structured surfaces for the purpose of
contributing low surface energy to them [1, 2]. The surfaces
characterized by superhydrophobic properties may be
obtained by means of self-assembly [5], phase separation [6],
sol gel technique [7, 8], electrical deposition [9], anodization
[10, 11], chemical vapor deposition [12], physical vacuum
deposition [13, 14], using aerosols [15] and patterns [16], as
well as combination of various methods [17, 18].
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The main disadvantage of most methods is presence of
multiphase process, need for liquid media and high
temperature, impossibility to form thin (< 1 pm) coatings.
Vacuum sputtering methods are characterized by low
deposition rate, complexity of deposition process control
systems and dielectric substrates processing. The impact of
high-energy charged particles on organic substrates may be
followed by irreversible chemical processes (cross-linking,
destruction). Such processes are followed by changes in
physical and chemical properties of the substrates, which are
inacceptable in some cases (e.g., medical polymer implants).
It should be emphasized that the above methods cannot be
effectively used for coating formation on final products or
conferring a complex of properties upon the surface, in
particular, superhydrophobic and antibacterial ones.

The method of electron-beam forming of polymer coatings is
devoid of most of the mentioned disadvantages. It makes it
possible to deposit the coatings of complex composition and
structure onto the finished products using technologically
simple equipment [19, 20]. Any material may serve as a
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substrate of complex shape: paper, polymer films, metal, etc.
The deposition of the coatings is not followed by changes in
linear dimensions and heating of the substrates. The
exposure of polymer materials to low-energy electron beam
in vacuum is followed by formation of thin layers based on
various macromolecular compounds, polytetrafluorethylene
(PTFE) [21] in particular. The PTFE-based coatings are
characterized by low surface energy, which allows using
them as hydrophobic and antifriction layers [21, 22]. The
smoothed morphology of thin fluoroplastic layer is one of the
causes for the lack of superhydrophobic properties of the
layers formed: the water contact angle in most cases does
not exceed 130°.

The main objective of the present study was to ascertain the
possibilities and peculiarities of superhydrophobic coatings
based on hydrocarbons and polytetrafluorethylene formed by
electron-beam method. It was suggested to use
polytetrafluorethylene and hydrocarbons of various molecular
weights as the components of hydrophobic coatings formed.
The superhydrophobic properties were to be achieved due to
the low surface energy of a fluorine-containing component
and a structured surface due to the peculiarities of the
composite layer structure formation. The microroughness
control was planned to be carried out by changing the
substrate temperature during the coating deposition. The
temperature corresponding to the melting point of the
hydrocarbon component should result in formation of
hydrocarbon microdroplets in an inert fluoroplastic matrix.

For attaining the goal it was necessary to solve a number of
problems: to identify the impact of the nature and the ratio of
the components on peculiarities of the chemical reactions
observed in electron beam impact zone, the impact of the
mentioned chemical processes, as well as the substrate
temperature, on molecular structure, morphology and
hydrophobic properties of thin coatings deposited.

The paper is scientifically and practically oriented. Scientific
interest was in the study of the peculiarities of structure

Figure 1: Capillaries used in a biological analyzer.

formation in thin-film systems based on thermodynamically
incompatible compounds (hydrocarbons and fluoroplastic),
the formation of which otherwise is virtually impossible. On
the other hand, the reason for the study is to search for
effective and economical ways of  conferring
superhydrophobic properties upon thin metal capillaries used
in biological analyzers to transfer various liquids from test
tubes. In the capillaries operation, the formation of working
liquid droplets at the tip of the capillaries is unacceptable. It
results in test integrity disruption (Figure 1).

2. METHODOLOGY OF THE EXPERIMENT
2.1. Surface Deposition

The surfaces were formed from the active gas phase
generated at exposure of the target material to the low-
energy electron beam of 800 ~ 1600 eV energy and 0.01 ~
0.03 Alcm? density [19]. The initial pressure of the residual
gas in the vacuum chamber was 4x10° Pa. The growth rate
(Hz/s) in the deposition process was monitored with quartz
crystal microbalance (QCM). It should be noted that we did
not convert the quartz meter readings in ton m/s. This is due
to the fact that such conversion requires the data on the
density of the deposited layer. The density of the coating is
marked by complex dependence on multiple technological
deposition parameters, the duration of the electron beam
impact and may differ significantly from the density of the
initial polymer. Currently, there are no reliable methods to
determine the density of such thin-film systems. Thus, for
preliminary studies, we consider using Hz values instead of
nm ones to be well grounded.

2.2. Material Description

The following substances were used as target materials: low-
density polyethylene (LDPE, medium molecular weight Mw =
261530, Mw/Mn = 15.49; density = 0.92 g/cm's), ultrahigh-
molecular-weight polyethylene (UHMW PE, Mw = 5-10°;
density = 0.93 g/cm's, Foresight Global FZE), paraffin,

a — non-modified capillary; b — capillary coated with paraffin — PTFE (1:6) at 50°C.
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polytetrafluorethylene (PTFE, density = 2.15 g/cm's, Aldrich).
The powders were not additionally dried before application.

The formation of composite surfaces was implemented by
using mixtures of hydrocarbon and polytetrafluorethylene
powders in 1:1, 1:2, 1:4, 1:6 weight ratios. The reaction
activity of volatile products of dispersion was evaluated
according to the value of R=V/P (where V is thin layer
deposition rate (Hz/s), P is the pressure of volatile products of
dispersion (Pa)).

The coating deposition was implemented on substrates with
surface temperature of 25°C (room temperature) and 50°C
(for paraffin), as well as 25°C and 120°C (LDPE, UHMW PE).
The substrates were heated to various temperatures and
placed side by side in order to deposit layers of the same
thickness on them. High temperature of the substrate was
corresponding to the melting point of the hydrocarbon
compound. The depressurization of the vacuum chamber
was done after rising the substrate temperature to room
temperature.

The dispersion of all the targets used in the work was
continued up to the moment of virtually complete cessation of
the gas phase generation (transfer of the entire target volume
into gas phase). It was done to decrease the impact of
difference in dispersion rates of individual components of the
target on average composition of the coating deposited.

Only the coatings with the same QCM-defined effective
thickness were analyzed.

Silicon single crystal wafers (100) were used as the
substrates  during microscopy, X-ray photoelectron
spectroscopy (XPS) and measuring of the contact angle, and
sodium chloride during IR analysis.

The chemical compound of the deposited layers was studied
with XPS. Using XPS made it possible to identify the impact
of chemical reactions initialized by the electron beam in the
target on the chemical compound of the deposited thin layer.
The measurements were made by spectrometer PHI
Quantera Il Scanning XPS Microprobe, using the source Al
Ka of monochromatic X-radiation (hv = 1486.6 eV). The
results of the analysis were processed in Mathcad software
system. The percentage of the coatings was calculated due
to the ratio of peak areas obtained during decomposition.

The analysis of molecular structure of the coatings formed
was performed by means of IR-Fourier spectrophotometer
Vertex-70 (Bruker). The scanning was made in 4000 —
300 cm™ range with 4 cm” resolution. The spectra of
hydrocarbon coatings were rated to the & band (C—H) at 1465
cm’” (in-house standard). Hydrocarbon materials crystallinity
measurement was carried out using absorption bands
intensities ratio at 730 and 720 cm™ or 1470 and 1465 cm”
[23]. The bands intensity at 730 and 720 cm” is mostly
determined by orientation of the thin layer. Therefore, in the
present study, 1470/1465 absorption bands intensities ratio
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was used to determine the crystallinity (degree of order) of
thin coatings. The short chain branching was evaluated by
the ratio of the optical density of deformation vibrations band
of C—H bonds in CH3 (1378 cm'1) to the optical density of the
in-house standard band. In IR spectrum, the PTFE absorption
at 625 cm” is associated with the presence of a defect
structure formed as a result of thermal exposure, and at 640
cm” it is associated with the presence of a regular molecule
helix [24]. To determine the degree of deficiency of the
coating fluorine-containing component, the intensities ratio of
640/625 bands was used.

The cross-section morphology of the coatings was studied
with scanning electron microscopy (SEM Quanta 200 F).

The coatings wetting was evaluated by measuring the static
contact angle. The static contact angles were obtained using
the Kriss DSA 100 goniometer. A drop of distilled water
(5 yl) was deposited onto the coating surface. The period
between the coating deposition and the measurement of the
contact angle was as long as 1 week. For each sample at
least 10 droplets were measured. The measurements error
was +2°.

The hysteresis of the contact angle was measured for the
coatings with superhydrophobic properties. The dynamic
measurements were done by increasing the drop volume
from 2 pl to 15yl at a rate of 30 pl/min, which allowed
measuring the advancing contact angle. Then the drop
volume was decreased back to 2 pl at the same rate, which
made it possible to measure the receding angle. The
measurements were performed each second of increases
and decreases in the drop volume.

3. RESULTS AND DISCUSSION
3.1. Features of Electron Beam Target Dispersion

A characteristic property of polyethylene targets dispersion
with the electron beam as compared to paraffin dispersion is
significantly higher pressures of the volatile products
generated and their significantly lower reactivity (Table 1).
The high pressure at low deposition rate is observed in case
of significant content of low-molecular weight compounds in
gas phase, which are characterized by low ability to
condense on the substrate at room temperature.

The properties described may be explained by the difference
in the properties of hydrocarbon melts. A rapid melting of the
hydrocarbon target occurs at exposure to electron beam. The
major part of the electron beam energy, when dispersing the
polymer melt, is released at a certain depth from the surface
[25]. In the near-surface region of the melt, a significant
amount of hydrocarbon molecules destruction fragments is
formed. Being diffused through the melt, they form the gas
phase. The higher the melt viscosity, the longer the
destruction fragment resides in the melt under the impact of
electron beam. Chemical interactions in the melt affect the
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molecular weight and the chemical activity of the hydrocarbon
fragments forming the gas phase, in particular, they may lead
to their decrease.

For composite targets, non-monotonous change in growth
rate and pressure is characteristic at the increase in PTFE
mass content in the target dispersed. The increase in PTFE
mass content in the target prevents the formation of the
hydrocarbon component melt. At the components ratio of 1:1
in the target, hydrocarbon melting only occurs on individual
areas of the surface. At a higher content of PTFE in the
target, it is impossible to visually capture the formation of
hydrocarbon component melt in the target. The impact of an
electron beam on the composite target leads to rapid
formation of black carbonized layer on its surface. The target
carbonization indicates the chemical interaction between
hydrogen- and fluorine-containing destruction products. This
interaction may result in decrease in chemical activity of the
destruction products.

Thus, the impact of electron beam initiates deep processes of
destruction of hydrocarbon macromolecules. For high-
molecular-weight compounds, these processes are the most
pronounced ones as compared to paraffin. The hydrocarbon
fragments formed under the impact of electron beam are
subject to further destruction in the process of chemical
interaction with fluorine-containing PTFE dispersion products.

3.2. IR-Spectroscopic Analysis

The results of spectroscopic analysis of the coatings obtained
are presented in Table 2 and Figure 2. In initial paraffin, the
main type of unsaturation is vinylidene (>C=CH,, 888 cm'1)
one. As for vinylidene groups in the deposited thin layer, their
content is significantly lower than in initial paraffin. The main
type of unsaturation of molecular structure of the deposited
coating is trans-vinylene (-CH=CH-, 965 cm'1) one. The high
content of trans-vinylene bonds is also peculiar to the target

material after dispersion. The results are predictable.
Electron-beam impact on hydrocarbon chain leads to its
destruction with the appearance of free radicals. The
migration of free radicals on the carbon chain and their
subsequent interaction with each other are followed by
formation of trans-vinylenebonds [23]. The decrease in
vinylydeneun saturation is due to intense destruction of
chains close to this type of unsaturation.

The molecular structure of the coating based on UHMW PE is
very much different from the molecular structure of initial
polymer. In the structure of the thin layer there are short
chain branching, trans-vinylene and vinyl groups (—C=CHo,
908 cm'1), which are absent in the structure of UHMW PE. It
is important to note that the content of double unsaturated
bonds and short chain branching in the target material after
dispersing of the polymers is significantly higher than in thin
coatings formed.

The molecular structure of the coatings based on PE, in
comparison with initial polymer, is also more unsaturated. In
addition, the content of short chain branching in the structure
of the thin layer is significantly lower. As well as for the rest of
hydrocarbons, the target material after dispersion is
characterized by high content of unsaturated bonds and short
chain branching.

The targets analysis shows the intensive chemical reactions
(cross-linking, destruction) that occur in the area of direct
influence of the electron beam on the target. The fragments
are products of electron-beam disperse not of initial
compound, but the compounds formed as a result of the
chemical reactions mentioned transfer into the gas phase.
For paraffin, the reactions of hydrocarbon fragments in the
dispersion zone are not as distinct as for polymers. The
differences may be due to different viscosity of the melts
formed.

Table 1:  Parameters of Electron Beam Dispersion of Hydrocarbon and Fluorine-Containing Targets
Deposition parameters weight ration of components in the mixture
1:0 1:1 1:2 1:4 1:6 0:1
Paraffin:PTFE
V, Hz/s 520.5 412.9 2231 39.1 108 111.4
Prmax, (Pa) 0.019 0.021 0.015 0.010 0.015 0.06
R, Hz/(s'Pa) x10° 27.4 19.7 14.9 3.9 7.2 1.8
PE:PTFE
V, Hz/s 650.6 851.3 887.8 374.0 423.0
Prmax, (Pa) 0.077 0.127 0.144 0.122 0.098
R, Hz/(s'Pa) x10° 8.4 6.7 6.2 3.1 43
UHMW PE:PTFE
V, Hz/s 341.9 198.0 549.2 505.7 439.8
Prmax, (Pa) 0.058 0.065 0.125 0.117 0.092
R, Hz/(s'Pa) x10° 5.9 3.1 4.4 43 4.8
24 Chen et al.
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Table 2:  Results of IR-Spectroscopic Analysis
Sample Frequency, cm’”’
1470/1465 888 965 908 1377
initial compounds
Paraffin (P-2), initial 0.89 0.099 - - 0.260
Film PE (120°C) 0.61 0.012 0.001 0.003 0.105
Film UHMW PE (120°C) 0.95 - - 0.002 -
target material
Paraffin (P-2) 0.56 0.071 0.049 - 0.166
PE - 0.123 0.096 0.306 0.418
UHMW PE - 0.101 0.154 1.084 0.780
coatings
Paraffin (25°C) 0.80 0.023 0.031 0.003 0.084
Paraffin (50°C) 0.71 0.017 0.053 0.003 0.108
PE (25°C) 0.68 0.025 0.051 0.148 0.089
PE (120°C) 0.53 0.029 0.049 0.135 0.076
UHMW PE (25°C) 0.83 0.012 0.056 0.153 0.050
UHMW PE (120°C) 0.65 0.016 0.067 0.195 0.056
640/625
PTFE 25°C 1.347
PTFE 50°C 1.343

Increase in substrate temperature at deposition contributes to
decrease in crystallinity of hydrocarbon layers and, as a rule,
to increase in content of double unsaturated bonds. These
processes are due to the impact of the temperature on
adsorption activity of hydrocarbon fragments characterized by
high content of free radicals. The coating based on paraffin is
characterized by the lowest content of double bonds.

The IR spectrum of composite coatings is presented by all
the absorption bands peculiar to hydrocarbon and
fluorocarbon components. The appearance of other bands
was not detected. At first approximation, composite coatings
may be regarded as fine-grained mechanical mixtures of
modified initial components.

Mass concentration of PTFE in the target does not virtually
influence on molecular structure of the paraffin component of
the coating (Figure 2). The hydrocarbon component of the
composite layer contains significantly lower amount of
unsaturated bonds and is characterized by higher crystallinity
as compared to the single-component paraffin layer. The
chemical interaction of fluorine- and hydrogen-containing
fragments may contribute to the growth of unsaturated bonds
in thin layer, in particular, trans-vinylene one. Simultaneous
deposition of fragments of various nature on the coating
leads to significant decrease in deficiency of the fluorine-
containing component. It may be assumed that the chemical
interaction of the components in the target with defective
fluorine-containing fragments formed decreases their ability
to condense on the substrate and form a thin layer. On the

Peculiarities of Electron-Beam Formation of Hydrophobic

other hand, the lack of the melt contributes to intensity
decrease of chemical interactions between hydrocarbons in
the dispersion zone, which affects the degree of order and
unsaturation of hydrocarbon component. High temperature of
the substrate decreases the crystallinity of the paraffin
component and increases the degree of deficiency of the
fluorine-containing component of the composite coating.

Use of PTFE when depositing the composite layer based on
polymers reduces vinyl unsaturation, the degree of order and
slightly increases the growth of trans-vinylene groups in
hydrocarbon component as compared with the correspondent
single-component coating. The result is predictable. Vinyl
groups are located at the ends of hydrocarbon chains with
increased mobility. This causes their higher chemical activity
in the dispersion zone, in particular, in interaction with
fluorine-containing  fragments. Growth of trans-vinyl
unsaturation and decrease in the degree of order of the
coating’s hydrocarbon component may be a result of
chemical interaction of dispersion products.

The highest degree of defectiveness of the composite layer's
fluorine-containing component was detected while using
UHMW PE. The result may be due to intense chemical
interactions between the formed hydrocarbon and fluorine-
containing polymer dispersion products. The formation of
chemically reactive hydrocarbon fragments is indirectly
confirmed by the above mentioned significant differences in
the molecular structure of the coating from that of the initial
polymer.
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Figure 2: Results of IR spectroscopic analysis.

The IR spectroscopic analysis data is in full agreement with
the results of studies of electron-beam dispersion of various
targets. It was previously shown that for high-molecular-
weight hydrocarbon compounds the molecules destruction
process under the impact of electron flow are much more
pronounced as compared to paraffin. This exactly explains
the high content of the formed thin layers of double
unsaturated bonds in the molecular structure.

3.3. XPS Analysis

The chemical composition of thin coatings was studied with
X-ray photoelectron spectroscopy (XPS) (Figure 3).

C1s spectra were analyzed in accordance with
recommendations presented in [26, 27]. The chemical
composition of the coating formed by electron beam
exposure of PTFE powder is mainly presented by atoms of
fluorine of carbon. The value of the ratio F/C is 1.99. The
exposure of electron beam on PTFE is not followed by
significant defluorination of fluorocarbon molecules that form
the polymer layer. Apart from six low-intensity peaks, C1s
spectrum is formed by two main ones — (—(CF>—CF2)-) at
291.6 eV and (CF3-CF2-) at 292.3 eV. The electron beam
exposure of the polymer reveals itself with increase in content
of CF3 groups in the structure of the fluorocarbon layer. This
indirectly indicates lower molecular weight of the coating as
compared with the molecular weight of the initial polymer.
The analysis of PTFE thin layers formed by electron-beam
method is adequately held in [28].

The chemical composition of hydrocarbons was studied by
decomposition of the C1s band on constituent separate
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peaks: at 283.3 + 0.1 eV corresponding to CHs group, at
284.1 + 0.1 eV corresponding to CHz group, at 284.4 + 0.1
eV attributed to C - C (SP2 hybridization) / C — H bonds, peak
285.3 £ 0.1 eV corresponding to C — C (SP3) and C - H
bonds, at 285.6 + 0.1 eVcorresponding to (C — N)bond, at
286, 286.7 + 0.1 corresponding to —(C-O)- groups, 288 *
0.1 eV corresponding C = O bonds [27, 29-33].

For comparison, the results of XPS analysis of the initial
hydrocarbon powders are given. Paraffin surface layer is
characterized by higher content of methyl groups as
compared to the initial powder. Indirectly, this may be
indicative of lower molecular weight of the surface coating
layer of paraffin. The reverse phenomenon is observed in
case of PE, for UHMW PE such changes in molecular
structure are not so noticeable. For polymer-based coatings,
in contrast to paraffin layer, the ratio of C — C (SP?)/C —H /
c-¢C (SP3) / C-H is less than for initial compounds. The
upper surface layer of polymer-based coatings contains fewer
unsaturated bounds as compared to the original polymer. For
paraffin thin layer and the initial powder such difference is
almost negligible.

The results of XPS and IR studies are markedly different.
This may be due to continuous change in composition of the
dispersion products generated and, accordingly, in the
composition of the coating throughout the thickness. Change
in composition of the hydrocarbons destruction products is
caused by chemical reactions in the electron flow impact
zone.

The results of XPS analysis show the high content of oxygen-
containing functional groups in thin layers based on PE. The
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Figure 3: Results of XPS of thin coatings and initial materials.

appearance of oxygen-containing groups is caused by
interaction of air oxygen with long-living radicals of the thin
layer at depressurization of the vacuum chamber. The
appearance of oxygen-containing groups is also possible in
the process of reaction between atmospheric oxygen,
atmospheric moisture and double unsaturated bonds. Among
all hydrocarbon materials, PE molecules undergo the highest
degree of destruction under exposure to electron beam. The
XPS analysis determined the high content of CH3 groups in
the coatings based on UHMW PE. The chemical composition
of the coatings based on paraffin is least likely to undergo
changes at exposure to electron beam.

3.4. Measuring of Contact Angle

It is determined that the nature of the hydrocarbon
component has significant impact on the contact angle. Only
composite coatings obtained by dispersing of paraffin and
PTFE with high content of PTFE show superhydrophobic
properties (Table 3, Figure 5).

It should be noted that relatively low values of the contact
angle are peculiar for the coatings, the hydrocarbon
component molecules of which contain more unsaturated
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bonds. PE-based coatings are characterized by the lowest
values of the contact angle, which is expected taking into
consideration the data of IR and XPS spectroscopy. High
content of double unsaturated and oxygen-containing bonds
in the molecular structure promotes reducing the magnitude
of the contact angle.

It should be noted that based only on the data of IR
spectroscopic studies, it is quite difficult to predict the
magnitude of the contact angle. In particular, the problem of
the impact of the substrate temperature on the magnitude of
the contact angle would remain unclear. The substrate
temperature is usually manifested in a change of unsaturation
and crystallinity of the hydrocarbon layer and in increasing
the defectiveness of the fluoroplastic component.

For paraffin — PTFE (1:6) coatings the hysteresis of the
contact angle did not exceed 10° (~7°). This shows that these
coatings are superhydrophobic.

3.5. Microscopic Analysis

Studies of contact angle show that only thin composite layers
based on PTFE and paraffin may be characterized by
superhydrophobic properties. Therefore, exactly those
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Table 3: Results of Measuring of Contact Angle
Contact angle, degrees
Temperzt:;gsoi:etge%ubstrate weight ratio hydrocarbon: PTFE
1:0 1:1 1:2 1:4 1:6 0:1
paraffin

25 91 115 134 129 161
131
50 108 126 151 145 167 131

PE
25 94 100 116 112 112
120 95 134 132 129 120
UHMW PE
25 113 109 119 123 126
120 96 98 134 134 116

coatings were subjected to microscopic examinations, as well
as paraffin and PTFE layers.

The coatings based on paraffin are characterized by
smoothed morphology, lack of structure elements registered
on coatings cross-sections. The heating of the substrate to
the melting temperature contributes to additional smoothing
of the hydrocarbon layer.

At high deposition rate, the fluorocarbon layer is formed by
columnar formations, which, in turn, are formed by small
spherical elements (Figure 4). Those elements may
apparently be the result of interactions of fluorocarbon
fragments in the gas phase. The low temperature of the
substrate (50°C) does not affect the morphology of the
coating based on PTFE.

Figure 4: Cross-section morphology of PTFE-based coating.
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The coatings deposited onto the substrate surface at room
temperature by electron beam dispersion of powder mixture
containing paraffin and PTFE have fine-grained, homogenous
enough structure. With these formation conditions, the
significant difference in physicochemical nature of the
components deposited on the substrate, as well as in their
generation rates, does not initiate phase layering. When
deposited on the substrate heated to paraffin melting point,
the hydrocarbon fragments form droplet formations, the size
thereof decreases and the density increases if the portion of
the fluoroplastic component increases (Figure 5). At the
components ratio 1:6 in the mixture dispersed, hydrocarbon
particles have the average diameter of less than 10 ym and
the height of greater than 5 pm. Fluorocarbon spherical
formations of ~1 uym diameter are located on their surfaces.
Such a structure resembles the surfaces of a lotus leaf.

CONCLUSION

The reaction activity of the products of electron beam
dispersion of hydrocarbons sequentially decreases in the
series of paraffin, PE, UHMWPE. Adding PTFE to
hydrocarbon is followed by further significant decrease in
reaction activity of gas phase dispersion products.

The molecular structure of hydrocarbon coatings formed is
characterized by higher content of double unsaturated bonds
vs. molecular structure of the initial hydrocarbon compound.
Among all hydrocarbon material, paraffin molecules undergo
the lowest degree of destruction under exposure to electron
beam. The exposure of PTFE to electron beam is not
followed by noticeable defluorination of fluorocarbon
molecules.

Composite coatings may be regarded as fine-grained
mechanical mixtures of modified initial components.

Composite coatings are characterized by fine-grained
homogenous structure. The difference in physicochemical

Chen et al.
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25°C

50°C

Figure 5: Morphology of paraffin and PTFE based coatings at different component ratios in the target and different temperature of the substrate

deposited.

nature of the components deposited on the substrate, as well
as in their generation rate, does not initiate phase separation.
When deposited on the substrate heated to the hydrocarbon
component melting temperature, hydrocarbon fragments form
droplet formations, the size thereof decreases and the
density increases when the portion of the fluoroplastic
component increases. The composite coatings obtained by
dispersing of paraffin and PTFE, with high content of PTFE,

Peculiarities of Electron-Beam Formation of Hydrophobic

show superhydrophobic properties. The structure of such
coatings is similar to the structure of the surface of a lotus
leaf.

The preliminary studies of metal capillaries used in a
biotechnological analyzer with a deposited PTFE—paraffin
(6:1) composite layer displayed high effectiveness of the thin
layer against the formation of microdroplets. Within a week of
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operation, the droplets on the surface of the working
capillaries were not detected.
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