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Wetting and Adhesion of a Polymer Melt on Porous
Self-Assembled Polymer Substrates by Breath Figure
Templating

Cédric Giraudet, Pierre Escalé, Maud Save, Laurent Billon, Ross Brown, Christophe Derail,
and Laurent Rubatat*

This study addresses the wetting and adhesion of a low molecular mass
poly(n-butyl acrylate) homopolymer melt, used as a weak acrylic adhesive, on
two types of textured polymer films prepared by the breath figure templating
method. The first film is a polystyrene homopolymer honeycomb-like
structure with well-defined porous structure and long-range ordering. The
second is a disordered poly(n-butyl acrylate)-block-polystyrene diblock
copolymer film featuring a broad distribution of pore diameters. Static contact
angle measurements show that porous films repel better the polymer melt
than the corresponding nontextured films. Contact angles and spreading of
polymer melt droplets on these textured surfaces reveals a Cassie-Baxter state
on the ordered porous film and a partial Wenzel state on the disordered
porous films. In addition, probe tack results show that the textured surfaces
tend to induce cavitation. The correlation between the wetting and adhesion
highlights the major role of melt insertion into the pores, which is primarily
controlled by the pores’ dimensions.

1. Introduction

Since its introduction in 1994 by François et al.,[1] the prepa-
ration of ordered porous polymer films, so-called honeycomb
(HC) films, by the breath figure (BF) method has received con-
siderable interest. Indeed, the BF approach is a rapid, inexpen-
sive, and robust route to build-up HC films.[2–6] Recently, high-
quality HC films, up to 20 × 20 cm2 were manufactured, opening
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transfer of these promising lab-materials to
several technological applications.[7,8] The
BF process occurs when the vapor of a
solute, e.g., water, condenses in droplets
on an evaporating polymer solution, lead-
ing to imprints, i.e., pores, in the poly-
mer film after complete evaporation of the
solute.[1,9,10] The simplicity of HC pattern-
formation led to the preparation of hier-
archically ordered porous films using a
wide variety of polymers,[2,3,5] including
coil–coil,[5,11–13] rod-coil,[14] hybrid,[15,16] or
biohydrid[17] block copolymers. Hierarchy
in the porosity was also described using a
sacrificial block[18] or using a water/ethanol
atmosphere.[19] BF films were used to pre-
pare hydrophobic and super hydropho-
bic biomimetic surfaces, which can sense
pH,[11] temperature,[20] or CO2.[21,22] Then,
many targeted potential applications[3] are
related to formation of an interface between

the porous surface and cell,[23–25] bacteria,[26,27] liquid crystal,[28]

or Newtonian liquid.[29–32] With that respect, water adhesion was
intensively studied on BF films varying porosity and/or surface
chemistry mainly via contact angle (CA),[29–31] and more seldom
on droplets via microbalance measurements.[32] Indeed, the mi-
crobalance setup allows to effectively measure droplet adhesion
forces, which can be tuned by varying the pore internal negative
pressures via their diameter.[32] It is worth to note that adhesive
tapes were already used to peel off the top layer of HC films to cre-
ate micropillared structured surface.[11,33,34] This is pointing out
the polymeric substrate fragility when tough adhesives are used.

From the adhesion and wetting perspectives, controlled poly-
mer surface-patterning is widely employed in studies of the sur-
face wettability[35,36] or the adhesion for pressure sensitive adhe-
sion (PSA).[37–39] The role of the substrate texture in adhesion
was mainly studied by peeling or JKR tests (by Johnson, Kendall,
and Roberts) on model surfaces with different patterning.[40,41]

Furthermore, the rheological properties of adhesives[42–45] and
substrates[38,40,46–48] play an important role in deformation and
energy dissipation during peeling or probe tack tests.[49] Probe
tack studies have been broadly performed on smooth substrates
(i.e., nontextured) with adhesives,[50,51] so as Newtonian liquids
for which the tacking kinetics is driven by a cavitation and, then,
fingering regimes.[52,53] Nevertheless, in the literature, there are
few reports on probe tack experiments dedicated to Newtonian
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Table 1. Characteristics of the polymers used in this study.

PS PnBA-b-PS PnBA

Mw [g·mol−1] 22 900 122 400 7600

Ð 1.19 1.37 1.23

Wt% of PnBA – 62 –

liquids on top of porous substrates. Jah and Tirumkudulu mod-
elized squeezed Newtonian liquids on surfaces with few-micron-
sized pores that agree with experimental data collected on porous
alumina substrates and silicon oils of various viscosities.[54] Inter-
estingly, their model points out the impact of pores on the initia-
tion of cavitation mechanism. This is matching results obtained
with PSA highlighting that strong substrate-roughness hinders
the nucleation of cavities at the interface and also slows down
the growth of interfacial cracks.[55] Focusing on BF polymer sub-
strates, only few studies report on adhesion force measurements,
which are restricted to small droplets of oil[56] and water,[32] using
a microbalance setups as already mentioned.

In the present work, we successfully measured adhesion forces
and monitored probe tack regimes, over 50 mm2, of a poly-
mer melt on two different surface porosities regularly obtained
through the BF method: (i) HC films with a long-range order-
ing obtained with a polystyrene (PS) homopolymer, and (ii) dis-
ordered porous films consisting of poly(n-butyl acrylate)-block-
polystyrene diblock copolymer (PnBA-b-PS). PS homopolymer is
selected for investigating the influence of pore ordering, since
it is known to favor highly ordered HC film formation.[12] On
the other hand, the use of the PnBA-b-PS copolymer allows to
tune the chemical nature of the interface toward a higher affinity
with the melt. In addition, the introduction of the PS block facil-
itates the BF process and brings mechanical strength via the mi-
crophase separation. Poly(n-butyl acrylate) (PnBA) homopolymer
with low molar mass is chosen as polymer melt to allow wetta-
bility and adhesion forces measurements by static CA and probe
tack tests, respectively, without damaging the substrate. Finally,
the data are correlated to point out the specific role of pores’ di-
mensions and surface-fluid chemical affinity on these properties.

2. Experimental Section

2.1. Polymers and Film Preparation

The characteristics of the polymers, i.e., weight-average molar
mass Mw, dispersity Ð, and mass block ratio, measured by nu-
clear magnetic resonance and size exclusion chromatography are
summarized in Table 1. Both polymers used in this study, namely
the PS homopolymer and the PnBA-b-PS diblock copolymer, are
synthesized by nitroxide-mediated polymerization using Block-
builder as a controlling agent. The details on the copolymer syn-
thesis is given in the reference.[12] Porous films were built-up by
casting droplets of polymer solutions, at 5 g·L−1 in carbon disul-
fide, on glass substrates under a humid air flux (2 L·min−1, rel-
ative humidity: 55–65%). In parallel, smooth films, i.e., without
porosity, were prepared from the same stock solutions in absence
of humidity air flow. The films are typically about 500 μm thick.

Table 1 presents the characteristics of the PnBA polymer used as
adhesive fluid. Since the molar mass of the adhesive melt is sig-
nificantly below the molar mass between entanglement of PnBA
(Me = 32 000 g·mol−1), it behaves as a viscous liquid.[57] Its dy-
namic viscosity is 60 Pa·s−1, as estimated using the model of Jul-
lian et al.[57] In the present work, the molar mass of PnBA was
chosen below Me to allow reliable contact angle and probe tack
measurements without damaging the weak polymer substrate
morphologies. Prior to the experiments, the samples were de-
gassed for several hours in a vacuum chamber.

2.2. Microscopy Techniques

Wet and dry porous samples are imaged at several length scales.
Optical transmission images are collected on a Leica DM/LM mi-
croscope equipped with a Leica DFC280 camera using magnifi-
cation factors of 20 and 50. Scanning electron microscopy (SEM)
is performed on an IROX SH3000 microscope at 5 or 10 kV.
The distributions of pore diameters are derived with ImageJ.[58]

Atomic force microscopy (AFM) is performed with an Innova
AFM (Veeco Instrument Inc.). AFM phase images are scanned
in tapping mode under ambient conditions, using rectangular
silicon cantilevers (MMP-12100-10, Veeco-probes) at a nominal
resonance frequency of 150 kHz. The ratio of the real area to the
projected area, r, is given by the Bruker NanoScope Analysis soft-
ware.

2.3. Contact Angle Measurements

A 5 mm diameter drop of PnBA oligomer is deposited on top of
the surfaces to measure the static CA at room temperature, i.e.,
about 20 °C. A TECLIS Tracker with a Telecentric 55 mm camera
is used. Static CA’s is derived from the images using Windrop
1.9 software.

2.4. Probe Tack Experiments

The setup used in this study, originally developed by Poivet et
al.,[53] couples conventional tack measurements with in-situ ob-
servation using a fast camera (Baumer Inc.). Probe displacement
and the force are collected at rates between 10 and 1000 Hz. The
camera can collect up to 500 frames per second with a resolution
of 100 μm. The load cell used in this study has a capacity of 50 N
with an accuracy of 0.1 N (TMC). The rigidity of the apparatus is
given at (2.5± 0.5)× 105 N·m−1. The polymer melt is deposited on
the coated glass substrates and a 8 mm diameter stainless-steel
probe is pressed into contact, maintaining a compression force of
40 N for 200 s. We adjust the amount of deposited melt to gener-
ate a slight excess around the probe, guarantying a homogeneous
layer of melt under the whole probe. Traction measurements are
performed at room temperature with displacement velocities of
50 and 500 μm·s−1. Extraction of the displacement, h(t), and the
force, F(t), as function of time, t, is described in the reference.[52]

The tack energy, needed to fully separate the probe from the sub-
strate, is determined by integrating the force curve versus the dis-
placement.
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Figure 1. Contrasting long-range order and disordered of the PS and PnBA-b-PS porous films. a) SEM images of PS film (inset shows the Fourier
transform of a ≈ 170 × 120 μm2 area). b) Image of PnBA-b-PS film. Scale bars are 10 μm.

Figure 2. Contrasting pore size distribution of the ordered PS homopolymer and the disordered PnBA-b-PS copolymer films. a) Number distributions
of pore diameter. Red shaded bars: PS pore distribution; blue open bars: copolymer. b) Contribution to surface area versus pore diameter. Blue shaded
bars: PnBA-b-PS copolymer film; blue open bars: for comparison, pore number distribution for the copolymer.

3. Results

3.1. Surface Characterization of Porous Films

The SEM micrograph in Figure 1a shows the highly ordered HC
structure of the PS homopolymer porous film. The Fourier trans-
form in the inset of about 170 × 120 μm2 region, illustrates the
long-range hexagonal ordering. The average apparent pore diam-
eter on the surface is 2.2 μm with a pore-to-pore averaged distance
of 3.6 μm. The pore diameter distribution shown in Figure 2a is
based on 1745 detected pores. It is sharp with a standard devia-
tion of 0.25 μm. The analysis also yields the total exposed polymer
surface fraction, which is 55% of the PS film surface.

Figure 1b shows a representative image of the PnBA-b-PS
block copolymer porous films in the central region, where the
CA and probe tack tests were performed. The porosity is highly
disordered with a large dispersity of pore size. It should be
mentioned that higher ordering is given in the outer part of
the film as demonstrated in the reference.[12] The further away
from the edge of the sample, the lower is the degree of ordering.
The copolymer film pore distribution (Figure 2a), based on 153
detected pores, also peaks around 2 μm with a tail stretching to

26 μm. The distribution weighted by contribution to the total
sample area (Figure 2b), shows the dominant contribution of
large pores (>10 μm) to the surface porosity. The total exposed
polymer surface fraction is 65% of the PnBA-b-PS film surface.

To complete the surface characterization, tapping mode AFM
was performed to evaluate the ratio of the real area over the pro-
jected area, named r, (cf. Equation 1). The topographic images are
presented in Figure S1 (Supporting Information). The r values on
both porous films are 1.491 and 1.336 for PS and PnBA-b-PS, re-
spectively. Detailed pore’s depth profiles observation was not per-
formed in the present study. However, it was done on a similar
system in the reference,[13] where HC film cross-sections reveal
quasispherical pores with circular openings on top of the film.

In addition to the micrometer porous structure, the use of
the PnBA-b-PS block copolymer induces a microphase separation
at the surface of the film, shown by AFM tapping mode phase
images in Figure 3. The copolymer self-assembly appears with
bright 50 nm dots in the darker matrix between the micrometer-
sized pores. Considering the composition in Table 1, the bright
dots are PS-rich domains while the matrix consists mainly of
PnBA. The nanostructure is also confirmed in bulk by SAXS and
SANS as presented in Figure S2 (Supporting Information).

Macromol. Chem. Phys. 2022, 223, 2200273 © 2022 Wiley-VCH GmbH2200273 (3 of 7)

 15213935, 2022, 24, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

acp.202200273 by Portail B
ibC

N
R

S IN
C

, W
iley O

nline L
ibrary on [21/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



www.advancedsciencenews.com www.mcp-journal.de

Figure 3. Microphase separation in the matrix around the pores of the
PnBA-b-PS block copolymer. AFM tapping mode phase image.

Table 2. Static CA measured on smooth and BF films prepared with PS
and PnBA-b-PS copolymers. Mean and standard deviation of five measure-
ments.

PS PnBA-b-PS

Smooth films 23° ± 1° 19° ± 1°

Porous films 84° ± 1° 59° ± 1°

3.2. Static Contact Angle Measurements

CAs) give insight into the affinity of a low molar mass PnBA for
smooth and porous films prepared from PS and PnBA-b-PS. Val-
ues in Table 2 are the average of at least five independent mea-
surements.

The static CAs on both smooth films are close but as expected,
the CA measured on the PnBA-b-PS copolymer (62 wt% of PnBA)
is lower than the pure PS because of a higher affinity with the
PnBA polymer melt. Nevertheless, it can be noticed that the CA
values on smooth PS films are relatively low for two highly im-
miscible polymers. On the other hand, CAs on the textured sur-
faces are significantly greater, possibly indicating Cassie-Baxter
behavior arising from the porosity, i.e., the PnBA droplets are in
contact with solid polymers and air is trapped in the pores.[59]

However, intrusion of polymer melt in the pores, i.e., partial Wen-
zel mode, cannot be excluded. The theoretical condition of a tran-
sition between the Cassie-Baxter to Wenzel configuration is given
by the following equation:[60,61]

cos(𝛼p) > (1 − 𝜐p)∕(r − 𝜐p) (1)

where 𝛼p is the CA measured on the smooth films, r is the ratio of
the real area to the projected area, and 𝜐p is the polymer fraction
in contact with liquid drop. Although Equation 1 is satisfied with
both PS and PnBA-b-PS experimental values, indicating that the
liquid can penetrate inside the pores, a better representation of
the interfacial behavior was proposed by Bormashenko et al.[62]

Indeed, in the specific case of HC polymer films in which the
liquid fully penetrate the porosity, they suggested to consider the

liquid–liquid interface at the pore openings in the Cassie expres-
sion. Therefore, for full liquid intrusion in a fraction of pores, the
overall CA on the BF porous surface 𝛼 can be related to the CAs
on smooth films (𝛼p) as well as between the liquid–air (𝛼a = 180°)
and liquid–liquid (𝛼L = 0°) interfaces, by the relation:

cos(𝛼) = 𝜐p ⋅ cos(𝛼p) + 𝜐a ⋅ cos(𝛼a) + 𝜐L ⋅ cos(𝛼L) (2)

where 𝜐p, 𝜐a, and 𝜐L are fractional contributions of, respectively,
the polymer matrix, empty pores, and pores filled of liquid; thus
𝜐p + 𝜐a + 𝜐L = 1. Equation 2 can be then reduced to:

cos(𝛼) = 𝜐p ⋅ (cos(𝛼p) + 1) + 2 ⋅ 𝜐L − 1 (3)

Applying this equation to the experimental data allows to eval-
uate 𝜐L, which leads to 0.024 for the PS porous film and 0.125
for the PnBA-b-PS one. The first value can be neglected, mean-
ing that the regular Cassi-Baxter mode with air–liquid interfaces
in the pores openings agrees with the PS experimental observa-
tions. On the other hand, the PnBA-b-PS value clearly indicates
that 12.5% of the total surface corresponds to pores filled with
the polymer melt. This partial intrusion is favored by the pres-
ence of larger pores and an affinity of the fluid with the copoly-
mer surface containing a PnBA majority phase. Assuming that
the larger pores are filled first, a pore diameter threshold can be
estimated from the 𝜐L value and from the pore surface distribu-
tion (Figure 2b). It can be then determined that, without applied
pressure, pores smaller than about 20 μm remain empty.

3.3. Spreading Dynamics

The melt spreads very differently on the ordered and disordered
porous films, see Figure 4. On the HC films (PS substrates), the
droplet is pinned by the pores, leading to a segmented contact
line complying to the hexagonal pattern of the substrate. As al-
ready reported by Bormashenko, the contact line cannot sit on
or in half a pore.[63] The contact line advances slowly on average
(see the pictures 2 min apart in Figure S4, Supporting Informa-
tion). The melt behaves differently on the copolymer porous film
with an evident spreading, see Figure S4 (Supporting Informa-
tion). This faster spreading on the copolymer substrate might be
favored by the presence of larger pores (>20 μm), more easily
filled by the melt, contrary to the PS-based BF film with about
ten-times smaller pores.

3.4. Probe Tack Experiments

As reported above, porous PS films show long-ranged ordering;
on the other hand, PnBA-b-PS ones are ordered on the edges
and erratic in the center. Therefore, to probe the overall adhe-
siveness of the melt on the substrates, we performed tack experi-
ments with a large probe, i.e., 8 mm diameter, typically ten-times
larger than microbalance-based methods where the probe is a
droplet of the adhesive fluid itself.[32,56,64] In all cases, the sub-
strates were not damaged after the experiments. Figure 5 shows
the force-distance curves recorded during the detachment of the
PnBA melt deposited on smooth and BF surfaces prepared from
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Figure 4. Optical transmission images taken at the edge of the polymer droplet (contact line) deposited on a PS (a, 50×) and a PnBA-b-PS (b, 20×)
porous films. Scale bares: 100 μm.

Figure 5. Tack experiments show cavitation on porous PS films and fingering on smooth films. a) PS films, b) PnBA-b-PS films. Solid symbols smooth
films; open symbols, porous films. Traction force versus probe substrate separation (h) is shown at 50 (red) and 500 μm·s−1 (blue).

Table 3. Tack energy as a function of the probe traction velocity measured
on four different substrates smooth or porous PS and copolymer films.

PS PnBA-b-PS

Probe velocity [μm·s−1] 50 500 50 500

Smooth film [J·m−2] 2.0 ± 0.2 3.4 ± 0.3 2.2 ± 0.2 3.4 ± 0.3

Porous film [J·m−2] 0.8 ± 0.2 1.6 ± 0.4 2.0 ± 0.5 2.9 ± 0.7

both polymers, after an initial compression of 40 N for 200 s.
The preload compression largely increases the impregnation of
the melt into the pores. This is reflected by the initial melt thick-
ness after preload, h0, which ranges between 150 and 200 μm for
smooth films and only 50 and 100 μm for the HC films. Table 3
reports the energies needed to fully separate the probe from the
substrate. Variability of the tack energy is estimated to 10% on
smooth films, related to slight tilt errors between the sample and
probe surfaces, and of about 25% on the porous films. Greater
variability on the porous films is attributed to surface texture fluc-
tuations. Nevertheless, general trends emerge: the tack energy
tends to increase with the traction speed and the values mea-
sured on the two smooth substrates are relatively close at both
rates. Thus, the slight difference in chemical nature of both sur-

faces (PS vs PnBA-b-PS) does not seem to play a significant role
in probe tack adhesion. On the other hand, tack energies on tex-
tured films are all lower than those measured on smooth films.
This decrease can be related to a lower solid contact with the poly-
mer melt, 55% and 65%, respectively, for the PS and PnBA-b-PS
substrates measured by SEM. Note that the decrease is more pro-
nounced for the PS films, in agreement with a significantly lower
solid interface. From the analysis of the shape of the curves, one
can see that the different tack regimes[52,53] are greatly influenced
by the films texture. The tack curves for the PS substrates (Fig-
ure 5a) show a force plateau with the HC films, which can be asso-
ciated with a cavitation regime and more specifically with the cav-
ities longitudinal extension. On the other hand, the tack curves
of smooth PS film indicate a pronounced fingering regime. For
the PnBA-b-PS substrates (Figure 5b), the measured tack curves
shape are similar for both porous and smooth films, suggesting
principally fingering.

In-situ optical microscopy transmission images, with a 100 μm
resolution, complement the tack measurements. Data are avail-
able only for the PnBA-b-PS copolymer substrates which remain
transparent when textured, Figure 6; the μm-scale texture of the
PS film scatters too strongly. Figure 6a unambiguously shows fin-
gering regime on smooth film, in agreement with the probe tack
curves. On the other hand, images collected on the porous film
(Figure 6b) show a slight fingering process limited to the edge

Macromol. Chem. Phys. 2022, 223, 2200273 © 2022 Wiley-VCH GmbH2200273 (5 of 7)
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Figure 6. Fingering and cavitation occurring during tack probe retreat on the copolymer films. Images taken every 200 ms during probe retreat at
50 μm·s−1 on: a) smooth PnBA-b-PS film; b) PnBA-b-PS porous film. Scale bars: 2 mm.

of the sample. The camera resolution does not allow to evidence
if micron-sized cavities are generated. However, a melt hetero-
geneity is growing in the central part during probe retreat. The
substrate porosity tends to break down the radially convergent
melt flow in favor of an internal one.

4. Discussion

The microscopy images confirmed that PS homopolymer pro-
duces highly ordered HC films with small and narrowly dis-
tributed pores. On the other hand, the use of the PnBA-b-PS block
copolymer allows to tune surface chemistry while maintaining
mechanical strength of BF substrate thanks to the microphase
separation. Nevertheless, erratically and broadly distributed large
pores are obtained in a large proportion of the porous PnBA-b-
PS block copolymer film. CA and probe tack results show that
the chemical nature of smooth substrates presents a minor im-
pact on wetting and adhesion compared to the introduction of
the micrometer porosity. It is expected that the substrate porosity
influences the polymer melt interface, particularly its insertion
in the pores. Without applied pressure, CA analysis completed
by the contact line dynamics indicates that the melt spreads eas-
ily and fills a significant fraction of the broadly distributed pores
from the PnBA-b-PS copolymer porous film, about 12.5% of the
total surface. This process might be also favored by a better affin-
ity between the copolymer and the melt. On the other hand, melt
barely gets into the narrowly distributed small pores from the
PS HC film. Under an applied pressure, during the initial phase
of the tack measurements, the polymer melt is partially pushed
into the pores, as demonstrated by the initial probe positions h0,
which significantly decrease for the porous BF substrates. Un-
der these conditions, the precise fraction of empty pores cannot
be evaluated. However, probe tack experiment and in-situ optical
microscopy are indicative of the presence of empty pores under
the melt. The probe tack curves (Figure 5) indicate a pronounced
fingering regime on smooth PS films and a cavitation regime
(force plateau) on the PS HC film. This well-marked cavitation
behavior suggests the presence of several empty pores. Also, im-
ages collected on smooth PnBA-b-PS copolymer film show pre-
eminent fingering, whereas the corresponding porous film tex-
ture induces greater melt heterogeneity during probe retraction,
which is associated with restricted fingering at the edge of the
sample (Figure 6). This reduced lateral expansion of the finger-
ing could be due to partial pinning of the melt by empty smaller
pores. However, the number of those empty pores is not suffi-
cient to generate observable cavitation behaviors during probe
tack measurements.

5. Conclusion

The versatile breath figure process produces porous films with
two surface natures and two pore size distributions: narrowly dis-
tributed small pores for PS homopolymer or broadly distributed
larger ones for PnBA-b-PS diblock copolymer. Wetting and adhe-
sion data collected with the low molar mass PnBA polymer melt
demonstrate the feasibility of performing such measurements
without damaging the fragile polymeric BF substrates and illus-
trate the preeminent influence of the surface pore size distribu-
tion. Static C measurements show that both types of porosity en-
hance the repellency of the polymer melt, while droplet spread-
ing is significantly accelerated by the presence of larger pores.
Different tack regimes are observed and correlated with the sur-
face structure: smooth films lead to fingering regimes, whereas
the BF-textured films show signatures of cavitation. The correla-
tion between the wetting and adhesion data highlights the ma-
jor role of melt intrusion into the pores, which can be controlled
mainly through the pore dimensions of the polymer film but
also through its chemical nature. All these observations show up
the role of the pore’s size distribution, especially the presence of
small ones (i.e., about 2 μm), on the generation of cavities and
their impact on decreasing fingering expansion and crack prop-
agation, which is of interest for applications. Further works are
still necessary to fully depict adhesion and wetting mechanisms
on BF films, such as localizing the polymer melt within the pores,
vary melt viscosity, and tune independently interfacial chemistry,
substrate mechanical stability, and importantly pore dimension.
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