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Abstract. Scaling up technologies for creating relief surfaces with controlled wetting properties is a pressing issue for
the development of functional polymer materials. There is a need to investigate the patterns of transfer of micro- and
nanotextures from metal templates to polymer substrates. The purpose of the study was to determine the influence of the
replication method and polymer properties on the accuracy of relief reproduction and the development of water-repellent
surface characteristics. Three replication methods were used for this purpose: obtaining polycarbonate film from a solution,
reaction moulding using polydimethylsiloxane elastomer, and thermoforming of polyethylene films. The negative copies
obtained were used as intermediate forms (polycarbonate) for creating positive replicas from polyethylene and polysiloxane.
The hydrophobicity of the materials was evaluated by measuring the contact angles in directions parallel and perpendicular
to the texture orientation. The results showed that all methods ensure the reproduction of periodic structures. However, the
level of accuracy depends on the viscosity of the medium and the temperature conditions, with the lowest level of accuracy
observed for polycarbonate and the highest level observed for polyethylene. Polycarbonate negatives were characterised by
high detail of microdefects (up to 5 um), while polyethylene films showed smoothing of the relief. Silicone positives most fully
preserved the geometry of the original textures with defects. The study of surface hydrophobicity showed a significant increase
in contact angles on structured surfaces compared to smooth ones, especially with parallel orientation. The maximum contact
angles reached 140°C for polysiloxane and 139°C for polyethylene replicas of the structure with regular grooves. The practical
significance of the study lay in identifying the optimal materials and methods for creating polymer surfaces with increased
water repellency. Polycarbonate is suitable for use as an intermediate material for accurate texture copying, while silicone
and polyethylene have potential for use as functional surfaces in protective coatings and liquid-infused porous surfaces
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Introduction

Liquid-infused porous surfaces (LIPS) combine a porous or
textured substrate with a lubricating liquid, enabling stable
repellent behaviour in conditions where conventional supe-
rhydrophobic coatings prove unreliable. Such surfaces have
found application in areas such as corrosion protection and
anti-icing. It is the combination of stability under dynamic
impact, resistance to condensation, and layer renewability
that makes these surfaces a promising technology for large-
scale solutions. Y. Meng et al. (2025) reviewed that LIPS ma-
terials represent an advancement of previously known tex-
tured surfaces which, upon reaching a Cassie state, could
exhibit superhydrophobicity — characterised by water con-
tact angles exceeding 150°. L.W. Park et al. (2023) reviewed
that LIPS properties such as self-cleaning, water repellen-
cy, and resistance to ice formation are ensured by the Cas-
sie-Baxter wetting state, which is achieved by high surface
roughness and low surface energy of the material itself.

G. McHale et al. (2023) characterised significant draw-
backs that served as fundamental limitations to practical
application of LIPS. A limited range of liquid surface ten-
sions was exhibited with which they could effectively repel.
When the surface tension of a liquid dropped below this
threshold, a transition occurred from the Cassie-Baxter
state to the Wenzel state. H. Xie & H. Huang (2020) de-
scribed this transition as a result in partial surface wet-
ting, with liquid penetrating and being retained within
the texture grooves — an effect directly opposite to the
intended purpose of such surfaces for liquid repellency. In
addition, D. Tripathi et al. (2023) found that LIPS are dy-
namically unstable. Specifically, when a droplet of wetting
liquid hit them at a certain speed, it could change the state
from Cassie-Baxter to Wenzel. Additionally, such surfaces
were unstable against water vapour condensation. S. Ad-
era et al. (2021) showed that in humid atmospheres, the
enhanced water-repellent properties associated with supe-
rhydrophobicity diminished over time.

S. Peppou-Chapman et al. (2020) reviewed drawbacks
of LIPS. Their water-repellent performance is lower than
that of superhydrophobic surfaces because the infusion
liquid’s polarity is higher than air’s. They are more stable
than other surfaces, however, this is conditioned by their
lack of open cavities that could be filled by water. Q. Cai et
al. (2023) described that LIPS fabrication technologies are
similar to those for superhydrophobic surfaces. They rely
on the same methods to produce the structural layer that
retains the infusion liquid. Sponges, electrospun surfaces,
nonwoven materials, and porous substrates can be used
as porous media. I.N. Etim et al. (2025) researched LIPS
fabrication methods. These methods have the same draw-
back as for superhydrophobic surfaces: their widespread
adoption and practical implementation are significantly
limited by the inherently low scalability of the available
fabrication techniques. P. Gao et al. (2023) showed that
texture transfer by injection moulding of polypropylene
and polymethyl methacrylate is a promising method for
obtaining textured materials that are wettable according

to the Cassie-Baxter state. The proposed method is inex-
pensive and easily scalable, although obtaining a shape
with the required hierarchical structure has low produc-
tivity and high cost due to laser processing.

Challenges may arise during the texture transfer from
metallic substrates to polyethylene and subsequently to
polydimethylsiloxane, particularly regarding the loss of
original structural features. This investigation focused
on transfer fidelity and geometric discrepancies between
successive replicas. Thus, the primary objective of this
study was to investigate the regularities governing tex-
ture transfer from metallic templates onto polyethylene
and polydimethylsiloxane (PDMS) substrates, using ther-
mocompression, solution castings, and reactive moulding
techniques, respectively.

Materials and Methods

The present study addressed the fabrication of scalable lig-
uid-retaining structural layers using thermoforming and
reactive curing techniques. Polyethylene was selected for
thermocompression due to its low polarity, cost, and avail-
ability, while PDMS served as a reactive material capable
of accurately reproducing surface textures. Stainless steel
(AISI 304) plates textured by femtosecond laser were used
as primary moulds, creating microstructures with features
up to 10 pm and groove depths of 20-30 pm. Such laser tex-
turing can also generate secondary periodic features that
influence polymer melt and interfacial adhesion, an effect
further examined in this study.

Although laser texturing created well-defined pro-
trusions, the bottom of the grooves often formed unpre-
dictable conical depressions that appeared as unwanted
protrusions on the reproduced polymer surfaces (Bonse et
al., 2021). To minimise these artefacts, an intermediate
replica layer was introduced between the metal template
and polyethylene. Polycarbonate was chosen for this pur-
pose due to its high melting point, good mouldability, and
ease of dissolution in common solvents. Its low adhesion to
metal surfaces (Du et al., 2023) also facilitated defect-free
separation of moulded films.

The basic textures on the surface of steel were ob-
tained by femtosecond laser ablations described in previ-
ous paper (Myronyuk et al., 2023) with parameters shown
in Table 1. This study was designed to investigate the rela-
tionship between the quality of microtexture transfer from
metal templates to polymer materials. The quality of mi-
crotexture geometry replication on the surface, compared
replication techniques, and compared the wettability of
the resulting textured surfaces were evaluated. The study
employed a combination of experimental and analytical
methods, including replication via solution casting, reac-
tive moulding, and thermal embossing. This was followed
by microscopic characterisation and contact angle analysis.
The overall methodology was based on a comparative eval-
uation of textured samples obtained using different repli-
cation methods while maintaining substrate topographies.
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Table 1. Parameters of the texture grooves

Texture Material Type Groove width, um | Groove depth, ym | Texture period, pym
A AlISI304 positive 24.8%2 19.5%1 60%2
B AlISI304 positive 40+1 24.5%2 60%1

Source: O. Myronyuk et al. (2023)

In this study, three methods were employed to repli-
cate textures from metallic templates:

1) A solution-based approach involved the use of a
5 wt. % dichloromethane solution of polycarbonate Cali-
bre 303 10 TNT (Dow Chemicals). This solution was cast
onto the surface of the textured metallic plate and left at
room temperature for 1 h. to allow dichloromethane evap-
oration. To ensure complete removal of residual solvent,
the samples were subsequently placed in a drying oven at
80°C for an additional 3 h. The resulting films were de-
tached from the metallic templates due to shrinkage dur-
ing solvent evaporation.

2) Reactive moulding method was performed using
a polydimethylsiloxane elastomer. A two-component,
platinum-catalysed, addition-curing PDMS system (SKA
035man. Silikony SK, Slovak Republic) was employed. Af-
ter mixing, the liquid reactive composition was poured
onto the surface of the textured sample, with the edges
confined by a polyethylene ring. The assembly was then
subjected to vacuum treatment to remove entrapped air.
Following this step, the specimen was left to cure for 3
days, after which the silicone negative was carefully de-
tached from the metallic plate.

3) A thermal moulding method (thermo-pressing) was
performed by heating of metallic templates using a magnet-
ic stirrer heater (RIVA-03.6, UOSLAB, Ukraine) to approxi-
mately 115°C. A low-density polyethylene film was then
placed onto the heated surface and rolled with a polyure-
thane roller to ensure complete imprinting of the structure.
Following this step, the template was carefully removed
from the plate, allowed to cool to room temperature, and
the textured polyethylene layer was mechanically detached.

The textures obtained by these methods were referred
to as negative, as they represented inverse replicas of the
original positive textures present on the metallic tem-
plates. To obtain positive replicas — specifically from poly-
dimethylsiloxane, polyethylene, and polycarbonate - the
polycarbonate negative was employed as the intermediate
template. In this approach, thermoforming with polyeth-
ylene was carried out not on the metallic plate but on the
polycarbonate negative, taking advantage of the fact that
the melting temperature of polycarbonate is significant-
ly higher than that of polyethylene. A similar procedure
was applied during reactive curing: the PDMS mixture was
cast onto the surface of the polycarbonate negative and
left to cure under the same conditions as those used with
the metallic template. To obtain a polycarbonate positive,
the same polycarbonate solution described earlier was
employed. However, instead of casting onto the metallic
template, the solution was applied onto a PDMS negative,
which served as the replication substrate.

The water contact angle was measured using the com-
bination of Konus Academy 2 (Italy) optical microscope
with goniometric setup and digital camera UCMOS 1300
(Sigeta) images were processed using the ToupView soft-
ware (ToupTek). The same complex was used for obtaining
the optical microscopy images of the microtextured surfac-
es. In this study, extended textures oriented along a single
axis were employed. Of particular interest was the evalu-
ation of wetting behaviour in two orthogonal directions,
namely parallel and perpendicular to the texture orienta-
tion. Accordingly, throughout this study these areas were
referred to as the parallel and perpendicular orientations,
as schematically illustrated in Figure 1. Deionised water
and dichloromethane (solvent for polycarbonate) were
used as supplementary materials in this study.

—
N N

Parallel orientation Perpendicular orientation

Figure 1. Water contact angle measurement directions
Source: developed by the authors of this study

Overall, the experimental procedure involved several
sequential stages: (1) generation of primary laser-induced
textures on steel templates; (2) replication of these tex-
tures into polymeric negative; (3) fabrication of positive
polysiloxane and polyethylene replicas through moulding;
and (4) characterisation of surface morphology and wetting
behaviour in orthogonal directions. This structure ensured
a consistent framework for comparing replication accuracy
and material-specific behaviour under identical texturing
conditions. Such an approach allowed for a comprehensive
methodological assessment of the efficiency and reproduc-
ibility of polymer texture transfer processes.

Results and Discussion

The textures that were used as metal templates (Fig. 2)
have a linear grooves pattern divided with asperities. For
the texture A, the period is well-reproduced 60 ym with the
groove width 25 um. The asperity has a larger width - 35
um. In the case of this structure, the grooves have the pro-
file of a reverse triangle with the height of 19 ym. Even in
optical microscopy photos it is seen that the sides of these
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triangles are irregular due to the uneven removal of the ma-
terial during the laser ablation. The texture B has the same
period — 60 pm, but a significantly wider groove that is 45
pm with the asperity width 15 pm. It is seen that the groove
in this case has the inverse trapezoid profile with small di-
ameter holes on the bottom. These holes may be seen in
both A and B textures and are typically formed at the places
of the laser beam focusing. Thus, as evident from the tex-
ture images, the groove surfaces appear highly heterogene-
ous. They exhibit distinct artefacts and localised accumula-
tions of material. Moreover, closer inspection reveals that
the ridges themselves are far from perfectly smooth. To-
gether, these two factors pose significant challenges when
attempting to replicate such surfaces with high fidelity.

Texture B

Texture A

Texture A

Texture B

Figure 2. Optical microscopy images
Source: developed by the authors of this study based on the
findings of experimental research

As illustrated in Figure 3, laser-induced textures were
successfully transferred onto polymer substrates by three
methods: reactive curing for silicone, solution casting for
polycarbonate, and thermo-pressing for polyethylene. Each
approach resulted in a clearly defined surface structure,
enabling further comparison of replication fidelity and
wetting behaviour. It can be concluded that all the replica-
tion methods enable a sufficiently accurate transfer of the
texture. In particular, the periodicity was preserved, along
with the regularity of the pattern and the groove width at
the upper surface of the texture. When examining not only
the top view of the textures but also their cross-sectional
profiles, it became evident that different replication meth-
ods yield varying levels of fidelity. For instance, on poly-
carbonate negative, the apexes of the pyramidal structures
were encrusted with artefactual formations originating
from the focal points of the laser. These artefacts are rela-
tively large - reaching up to 5 pm in height — and are dis-
tributed in a disordered manner across the surface. Similar
artefactual formations can be observed for other samples.
For polyethylene negative the pyramidal structures appear
significantly narrower. This effect is primarily attributed to
the use of an alternative template design featuring much
narrower grooves. Notably, the artefactual formations have
nearly disappeared, indicating that across the sequence of
polycarbonate-polysiloxane-polyethylene there is a pro-
gressive reduction in the size of these extraneous features.

This trend can likely be explained by the progressive in-
crease in viscosity of the medium used for texture replica-
tion, moving from polycarbonate solution to liquid silicone
resin and ultimately to molten polyethylene.

Polycarbonate
negative ofitexture B

Polysiloxane negative [Rellciia\iE Nl ehe)e]
of texture B of texture A

2
2
S
o
)
[72]

i {Polycarbonate
negative of texture B

Top view

Figure 3. Textures obtained by templating
from metal matrices
Source: developed by the authors of this study based on the
findings of experimental research

Consequently, the lowest-viscosity system — namely,
the polycarbonate solution in dichloromethane - exhibited
the greatest ability to reproduce the fine surface features
of the template with high fidelity. It should be emphasised
that the presence of such artefactual formations on the
textured surface is an undesirable factor. As demonstrat-
ed in earlier study by O. Myronyuk et al. (2024), these pro-
trusions effectively reduce the maximum attainable water
contact angle by destabilising the Cassie-Baxter state. They
are expected to influence another critical parameter — the
sliding angle strongly. Following the mechanism observed
in the “rose petal” effect, these features enhance droplet
pinning of the wetting liquid, thereby increasing the slid-
ing angle. Thus, their presence is detrimental to the overall
wetting performance of the surface. As can be seen from
Figure 3, these artefacts are characteristic of nearly all
surface replication methods employed. Consequently, re-
lying solely on negative moulding from the template does
not allow for the production of high-quality replicas with
complete structural fidelity. Therefore, the authors of this
study adopted a somewhat different approach. First, a neg-
ative template was prepared by a solution-based method
using polycarbonate. This negative was then employed to
generate positive structures from both a silicone polymer
and polyethylene. In the former case, the replication was
achieved through reactive moulding, while in the latter it
was accomplished by thermo-pressing.

As shown in Figure 4, the positive replicas reproduced
the original structure of the source templates with consid-
erable accuracy compared to the metal substrates. Deep
and highly accurate reproduction was achieved in both
cases using polysiloxane polymer. This effect is particularly
noticeable for texture A, where the dimensional character-
istics are virtually identical to those of the original metal
template, despite the fact that the structure was trans-
ferred through an intermediate polycarbonate negative.

Technologies and Engineering, Vol. 26, No. 4, 2025 47



Development of microtextures on polymer surfaces using the transfer method...

The positive replica of texture B on polysiloxane differs
slightly from the original template due to the presence of
artificial concavity on the surface of the textured elements.
Notably, this concavity is also present to a lesser extent in
the original metal templates. The polyethylene replicas ap-
peared less accurate, partly due to the visualisation condi-
tions. In terms of dimensionality and geometry, it should
be noted that the structural period and the crest-to-groove
ratio remained unchanged for polyethylene and polysilox-
ane. The depth of the grooves was almost the same as that
of the original structure. However, the angles and features
were noticeably less distinct compared to the silicone body.
This result was expected, as molten polyethylene has a sig-
nificantly higher viscosity than liquid silicone during the
moulding of these replicas.

Polyethylene; texture A IRECIETHIIENERSGEIENE)

Polysiloxane, texture A Polysiloxane, texture B

Figure 4. Side view of positive textures
Source: developed by the authors of this study based on the
findings of experimental research

The parameters of structure transfer from the metal-
lic master templates (AISI304) with texture A and texture
B onto polymer surfaces were presented in Table 2. Based
on the data in the table, it is important to note that the
negatives were obtained through direct contact of the pol-
ymers with the metallic templates, whereas the positives
were produced by casting polyethylene and PDMS onto the
surface of the polycarbonate negative. As a result, they also

inherited the imprint of this intermediate template along
with its associated modifications. For texture B, the poly-
carbonate negative exhibited certain alterations compared
to the original template. First, there was a slight reduction
in the height of the protrusions, although this decrease re-
mained within the margin of experimental error. The tex-
tures exhibited a slight reduction in height, which can be
attributed to the shrinkage of the polymer film following
solvent evaporation. Moreover, it was observed that the
width corresponding to the groove dimension in the pos-
itive replica remained unchanged, consistently measur-
ing around 40 pum. The polysiloxane negative reproduced
the template structure with nearly the same accuracy as
the solution-cast polycarbonate. The only noticeable dif-
ference was that the grooves appear slightly deeper than
those in the polycarbonate replica. However, this variation
lied within the margin of error and can reasonably be at-
tributed to statistical deviation.

The positive structures were of particular interest, as
they represented the intended functional surfaces. Nota-
bly, the polysiloxane positive exhibited a slightly greater
groove width, which arises from the corresponding broad-
ening of the ridge elements in this replication process. Here,
the difference was modest — 44 ym compared to 40 um — yet
it already lied beyond the range of statistical error. Thus, it
can be concluded that during the moulding process certain
effects, such as elongation upon demoulding or shrinkage,
lead to a measurable narrowing of the ridge elements. This
observation was further supported by the fact that the
height of these ridges increased to 26.5 pm. However, the
opposite trend was observed in another positive replica.
Here, the ridge height decreased to approximately 20.5 um,
a change that also falls outside the bounds of statistical er-
ror. In addition, the ridge width showed a slight increase,
although this variation remained within the margin of ex-
perimental uncertainty. Similar trends were also observed
for texture A. Taller and more elongated ridges charac-
terise the siloxane positive, whereas the polyethylene
positive exhibits comparatively shorter ridge structures.

Table 2. Parameters of the texture grooves

Texture Material Type Groove width, um | Groove depth, pm | Texture period, pm
A AISI304 positive 24.8+2 19.5%1 60+2
B AlISI304 positive 40+1 24.5%2 60*1
A Polyethylene positive 36.5%2 18.5%1 58%2
A Polyethylene negative 25.0*1 23%1.5 60+1
B Polyethylene positive 37.5+1.5 20.5+1 58+2.5
A Polysiloxane positive 30.0£2 22.0%1.5 59.5%£2
B Polysiloxane positive 44.5+1.5 26.5%2 58+2.5
B Polysiloxane negative 39.0%1.5 25.5%2 57+2.5
B Polycarbonate negative 39.5%£1.5 22.0%1 57£2.5

Note: negatives of polyethylene, silicone, and polycarbonate are presented only for texture “B” for the purpose of comparing

transfer quality

Source: developed by the authors of this study based on the findings of experimental research

For the development of infused-liquid surfaces and
superhydrophobic coatings, the key characteristics were

defined by the wetting behaviour of the surface. This study
examined how water wettability varies depending on the type
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of structures that were fabricated. As shown in Table 3, the
presence of surface texturing generally leads to an increase
in the water contact angle of the materials in most cases.
The flat surfaces exhibited a maximum water contact angle
of approximately 103°, observed for polydimethylsiloxane.
The textured surfaces exhibited enhanced contact angles
regardless of whether they represented positive or negative
replicas. The general trend showed that the perpendicular

contact angles were only moderately higher than those of
the flat surfaces, whereas in the case of parallel textures,
the contact angles were significantly larger — by as much as
40° compared to the flat reference. This increase can pri-
marily be attributed to the grooves themselves, which act
as barriers to the spreading of the test liquid, in this case
water, thereby generating a pronounced advancing angle
that manifests as the measured static contact angle.

Table 3. Parameters of the texture grooves

Texture Material Type Orientation Water contact angle, °
- Polycarbonate - - 86.8+2.2
- Polyethylene - - 92.8+0.6
- Polysiloxane - - 102.7£3.9
A perpendicular= 102.4%6.9

1lel 130.6%2.2
Polyethylene positive para .e I
B perpendicular = 137.4%1.3
parallel || 138.8%2.5
A perpendicular = 114.5+1.7
. . parallel || 133.8+2.1
Polysil t
B olystloxane positive perpendicular= 125.6+0.9
parallel || 139.1%+1
A perpendicular = 91.0+4.6
1lel 127.4%0.65
Polycarbonate negative para .e !
B perpendicular = 60.7%£5.4
parallel || 111.2+5.4

Note: “-” denotes samples without texture

Source: developed by the authors of this study based on the findings of experimental research

When comparing the efficiency of structures A and B,
specifically their positive replicas, structure B proved to be
more effective. In the parallel orientation, the polysiloxane
sample — the most non-polar material — exhibited a maxi-
mum contact angle of approximately 140°, while polyeth-
ylene reached 139°. By contrast, structure A showed a lower
maximum value, with the contact angle limited to about
134°.Based on data presented in Table 3, it can be concluded
that the most effective configuration for enhancing water
repellency is the positive replica based on structure B. Both
polyethylene and polysiloxane proved to be highly prom-
ising materials for achieving elevated contact angles. In
contrast, polycarbonate, owing to its higher polarity, is less
effective in this regard. However, it serves excellently as an
intermediate negative, as it reliably preserves the structural
features of the original templates and enables the fabrica-
tion of highly reproducible positives from other polymers.

The results showed that the basic geometry of the tex-
tures was well preserved in all polymer replicas. However,
artefacts with a diameter of up to 5 pm were observed at
the top of the pyramidal elements in negative polycar-
bonate matrices, presumably due to the laser’s action dur-
ing focusing. Similarly, irregularities in replication were
recorded in the study by V. Basile et al. (2022). Positive
copies on polysiloxane were nearly identical to the orig-
inal metal template; however, polyethylene replicas were
less clear. The contours of the ridges were smoother, and
the corners were less sharp due to the higher viscosity of

molten polyethylene during thermoforming (Lysenkov &
Strutskiy, 2022). Generally, as viscosity increases, the size
and number of artefacts decrease; however, the replication
accuracy of small details deteriorates. This was consistent
with the observation of C. Sdez-Comet et al. (2022) that
decreasing polymer viscosity (e.g., by increasing temper-
ature) improves penetration into fine grooves and increas-
es microtexture copying accuracy. Some parameters of the
replicas differed systematically from the original. For in-
stance, the width of the ridges in the polysiloxane positive
for texture B increased from ~40 ym in the metal sample to
~44 pm, which can be explained by deformation during re-
moval from the mould. The presence of artificial structures
on surfaces can locally alter wetting angles, though it does
not affect overall regularity. These differences suggest the
effects of elastic recovery and shape change during cooling
and material removal.

Surface texturing significantly increases the contact
angle compared to flat samples. The Cassie-Baxter model
explained this phenomenon: micro-roughness allows air
to be retained in the depressions under the drop, increas-
ing the macroscopic wetting angle (Ma et al., 2024). Addi-
tionally, pronounced anisotropy of wetting was observed:
the angles measured parallel to the grooves were signifi-
cantly higher than those measured perpendicular to them.
Similar anisotropic wetting results were observed with
micro-rough PDMS surfaces in Q. Legrand et al. (2022). As
expected, structure B provided a higher contact angle than
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structure A because more open-air area leads to a higher ef-
fective wetting angle according to the Cassie-Baxter model.
Additionally, the nonpolar polysiloxane and polyethylene
used to create the positives exhibited higher angles than
the polar polycarbonate, consistent with these principles.

The presence of microartefacts was undesirable for wa-
ter-repellent properties. As shown in the study by J. Bai et
al. (2024), this leads to the “petal effect” a high static angle
with high hysteresis. In other words, the surface becomes
“stickier” for droplets. Contrary to the “lotus effect” irregu-
larities impede the movement of the droplet. Y.B. Chatenet
& S. Valette (2024) simulated the “lotus effect” and “petal
effect” and showed that fluid penetration between irregu-
larities in such micro-roughness leads to a decrease in the
contact angle. Authors observations coincide with this: the
presence of artefacts reduces the effectiveness of achieving
the Cassie-Baxter state and increases excess hydrodynam-
ic resistance. Therefore, smoothing or eliminating these
structures is critical to manufacturing highly efficient su-
perhydrophobic surfaces.

Thus, for the further advancement of research in this
field, several strategies are recommended to enhance the
water-repellent performance of textured surfaces. P. Gao et
al. (2023) showed that the replication rate correlates with
the viscosity of the polymer melt, which ensures a higher
degree of polypropylene replication. D. Masato et al. (2022)
proved that polymer deformation must be considered when
separating the polymer from the metal template. Addition-
ally, J. Krantz et al. (2022) proved in their study that the
influence of temperature is significant. Thus, the use of
lower-viscosity materials during moulding should be pri-
oritised, which in thermoforming can be achieved either by
increasing the processing temperature or by applying high-
er moulding pressure. The resulting textured surfaces may
be further improved through post-processing hydrophobi-
sation. I. Ramos et al. (2025) showed that the use of PDMS
to impart hydrophobicity provides efficiency and durabil-
ity. N. Rungruangkitkrai et al. (2024) showed that PDMS
is a good alternative to fluorinated modifiers for creating
LIPS materials. Although both polyethylene and PDMS are
relatively nonpolar materials, they still possess a degree of
surface polarity, and their hydrophobic properties can be
significantly enhanced by additional surface modification.

Structure B provides higher contact angles than
structure A, especially with less polar polymers like poly-
siloxane and polyethylene. Microtexture geometry is gen-
erally preserved during replication, though local microar-
tefacts and deformations due to polymer viscosity and
elastic recovery reduce accuracy. This aligns with the Cas-
sie-Baxter model, which explains the increase in the con-
tact angle due to air retention in microcavities and con-
firms the role of surface structure and material polarity in
controlling wetting. Micro-irregularities beyond regular
texture lead to a “petal” effect with increased hysteretic
adhesion, reducing water-repellent properties. Optimis-
ing polymer melt viscosity during forming, controlling
deformations during demoulding, and additional surface

hydrophobisation are key strategies for improving super-
hydrophobic textured coatings.

Conclusions

The possibility of texture transfer onto polymer surfaces
from textured metallic templates was demonstrated. The
fidelity of replication is strongly influenced by the viscos-
ity of the medium. Better replication quality was for poly-
carbonate solution. The accuracy of structure transfer in-
creases to 5 ym with a decrease in viscosity, such as when
switching from polymer melts and reactive mixtures to
polymer solutions. In this study, a successful technological
combination was demonstrated, whereby negatives were
first fabricated by solution casting of polycarbonate, and
these negatives were subsequently employed as templates
for producing positive textured surfaces from polyethylene
and polydimethylsiloxane.

During such transfers, the replicated structures exhib-
ited distinct trends when compared to the original metal-
lic substrates. First, the spacing between the texture ridg-
es increased significantly — by up to 50% - and this effect
was more pronounced for texture A (groove width 25 pm,
groove depth 20 um) than for texture B (groove width 40
um, groove depth 25 um). The increase was also more ev-
ident in the case of the highly viscous polyethylene than
for polydimethylsiloxane, with changes of 50% and 25%,
respectively. For texture B, the enlargement was much
smaller, limited to about 10%. By contrast, the ridge height
showed far less variation, with noticeable changes ob-
served primarily in the polyethylene replicas.

It has been shown that surface texturing of polyeth-
ylene and PDMS leads to a substantial enhancement of
their water-repellent properties. For instance, compared
to flat polydimethylsiloxane, which exhibits a contact
angle of 102°, the textured surfaces achieved values ap-
proaching 140°. This corresponded to an increase of close
to 40° in the contact angle, clearly demonstrating the
pronounced effect of texturing on wettability. The aniso-
tropy of the texture also gives rise to anisotropy in the
measured contact angles. For example, in the parallel ori-
entation the contact angle reached approximately 140°
for both polyethylene and polydimethylsiloxane, where-
as in the perpendicular orientation the values decreased
to approximately 125° and 137°, respectively. Further
research should focus on determining the stability of
infusion fluids in different textures and assessing their
long-term stability under cyclic mechanical and chemical
influences. These efforts will contribute to the practical
applicability of slippery liquid-infused porous surface
technology in operational conditions.
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AHOTOAUA. MacurtaGyBaHHsI T€XHOJIOTi/i CTBOPEHHsI pesibeHUX TOBEPXOHb 3 KOHTPOJIbOBAHMMU BIACTUBOCTSIMMU
3MOUYBaHHSI € aKTyaJbHMM 3aBIaHHIM ISl PO3BUTKY (QYHKILiOHATbHUX IMOMIMEepHMUX MaTepiasiB. IcHye HeoOXimHICTh
BMBUEHHSI 3aKOHOMipHOCTe}i TepeHeCceHHs MiKpO- Ta HaHOTEKCTYp 3 MeTaJleBMUX IIA6JIOHIB Ha MOMiMepHi MigKIaaKu.
MeTo10 po60TH OYy/I0 BUM3HAUEHHS BIUIMBY METOAY peIulikallii Ta BJIaCTMBOCTEl IOoJiMepy Ha TOUHICTb BiATBOpPEHHS
penbedy Ta GopMyBaHHS BOLOBIAIITOBXYBAIBHMX XapaKTePUCTUK IMOBepxHi. /1S I[bOro 6y/70 BUKOPUCTAHO TPU METOAU
perutikarii: oTpMMaHHS MoTiKapbOHATHOI IUTIBKM 3 PO3UMHY, peakilijiHe GOpPMyBaHHS 3 BUKOPUCTAHHSIM eacToMepy
MO AVIMEe TUIICUIOKCaHY Ta TepMOGOPMYBaHHS MOJTieTUIeHOBUX TUTiBOK. OTpUMaHi HeraTUBHi KOIIii BUKOPUCTOBYBAJM SIK
npoMixkHi hopmMu (TomikapboHAT) /ST CTBOPEHHS MO3UTUBHUX PEIUTiK 3 ToieTuIeHy Ta Molicuiaokcany. I'inpodbobHicTh
MarTepiajiB OLIiHIOBaAM LUISIXOM BMMIipIOBaHHSI KyTiB KOHTaKTy B HaIpsIMKax, lapajelbHMUX i MepHeHIUKYISIPHUX 10
opieHTalii TeKCTypu. Pe3yabTaTi MOKa3au, o BCi MeToay 3a6e3reuyioTh BiATBOPEHHS MepioquIHNX CTPYKTYP. OqHaK
piBeHb TOUHOCTI 3aJIeKUTh BiJj B’SI3KOCTi cepeoBUILa Ta TeMIIepaTypHUX YMOB, IIPUUOMY HalHVKUMIT PiBeHb TOYHOCTI
CTIOCTEPIraeThCs A1 TTOMiKapboHATY, & HAMBUIIMI — AJis TIomieTwieny. IlonikapboHaTHI HeraTMBM XapaKTepu3yBalInuCs
BMCOKOIO JeTaji3alielo MikpogedekTiB (40 5 MKM), TOAi K IMOJieTUIEHOBI IUIiBKM IT€MOHCTPYBAIM 3I/IaIKyBaHHS
penbedy. CUIiKOHOBI TO3UTMBM HAMOIbII TOBHO 36epiraioTb reoMeTpil0 OpUTiHATbHUX TEeKCTyp 3 HedexkTamu.
HocminskeHHS TigpodoOHOCTI TOBEPXHi MMOKa3ano 3HauHe 36ilbIIeHHST KyTiB KOHTAKTy Ha CTPYKTYPOBAHUX MOBEPXHSIX
MOPiBHSIHO 3 MIaJKUMM, OCOOAMBO TpU MapaienbHiit opieHTauii. MakcMMabHi KYTM KOHTakTy pocsramu 140 °C mis
nonicwiokcany i 139 °C st mosieTMIeHOBUX PEIUIiK CTPYKTYPHU 3 peryasipHMMM KaHaBKamu. [IpakTuyUHa IiHHICTh pO60TH
roJsisgraja y BM3HAuUeHHi ONTMMAaJIbHMUX MaTepialiB i MeTOMiB AJisI CTBOPEHHS IOJiMEPHUX IOBEPXOHb 3 MiJBUILEHOI0
BOIIOBIJIITOBXYBaJbHOIO 31aTHiCTIO. [TofikapboHAT MiAXOAUTH AJISI BUKOPUCTAHHSI SIK MPOMDKHMIT MaTepias sl TOUHOTO
KOTI{IOBaHHSI TEKCTYPU, TOJ SIK CMJTIKOH i TIO/TieTu/IeH MaloTh IMOTEeHI[ial JIs BUKOPUCTAaHHS SIK QYHKIIIOHATbHI TTOBEPXHi
B 3aXMCHMX IOKPUTTSIX i TOPUCTUX ITOBEPXHSX, IPOCOUYEHNUX PiAMHOIO
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