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The accretion of ice is detrimental in numerous domains, and thus,
developing ice-release coatings is of great significance. The recent
introduction of stress-localized surfaces has opened new prospects
in the development of ice-shedding coatings that could lead to more
durable materials. However, the different ice-shedding solutions that
have been developed so far lack durability or are too complex to be
implemented successfully on an industrial scale. Therefore, we here
investigate the potential of one-pot self-segregating siloxane—
polyurethane (Si—PU) thermosets as durable stress localized surfaces
for easy ice-shedding of large-scale icing. In this context, we explore
the propensity of self-segregating Si—PU coatings to display surface
modulus heterogeneities and the ability of such heterogeneities to
initiate and propagate a crack at the ice/coating interface.

Introduction

The accretion of ice onto structures has critical consequences
in fields such as aeronautics,' energy transmission,* off-shore
facilities,® marine vessels,® wind turbines," and many others.>
Among the proposed solutions, the application of silicone
elastomers onto structures stands out due to their simplicity
of application (requiring no specific surface topography), low
surface energy, and low modulus.’° Low surface energy helps
minimize the interaction with water/ice,”*® while low modulus
reduces the adhesion of solid objects onto the elastomer, as
modeled by the Kendall law, often due to interfacial cavitation
(surface buckling).'>"*> However, the low modulus of the elastomeric
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New concepts

Based on the concept of stress localization, we developed a one pot self-
segregating siloxane polyurethane coating exploiting the formation of
surface modulus heterogeneities to induce low interfacial toughness
between ice and the coating’s surface. Achieving interfacial toughness
was found to be conditioned by the presence of domains at the interface,
with the presence of domains solely in the bulk or of a PDMS layer at the
surface being found to be insufficient to trigger low interfacial toughness.
For the first time, the obtained material displayed low interfacial tough-
ness while exhibiting a relatively elevated modulus (>1 GPa), without
requiring the submicron thicknesses (here thickness >30 pm) typically
reported in previous work and using an approach free of any complex
engineering. This work provides significant insight into parameters
influencing stress localization induced low interfacial toughness and
opens the way, thanks to the high mechanical properties achieved
through this approach (when opposed to the traditional silicone elasto-
mers reported so far in this field), to the development of more durable
and application friendly coatings to tackle large-scale icing issues.

coating matrix is often synonymous with limited durability due to
low mechanical properties.’® In addition, for the interfacial slippage
effect to be effective, the low modulus must be accompanied by a
relatively large thickness of the soft material,'*'> which increases the
weight of the coating and its cost. Furthermore, silicone elastomers
are also known for their poor adhesion towards many substrates
(which leads to the need for a tie-coat or a specific treatment of
the substrate) and are challenging to adapt for large-scale ice-
shedding."®™"®

Several alternatives to silicone elastomers have been explored,
including textured surfaces and slippery liquid-infused porous
surfaces, which have shown promising ice-shedding results. How-
ever, their complexity of implementation and low durability over
multiple icing-deicing cycles often make their industrial applica-
tion challenging.’®?® A more promising and simpler alternative
may be found in the use of heterogeneous but smooth surfaces,
exploiting differences in foulant/surface bonding interactions
along the interface to prevent a strong attachment.” > The
presence of heterogeneities in modulus, in particular, was found
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to be of interest to reduce the adhesion of ice onto surfaces."***>*
For instance, He et al. incorporated micro-voids (air pockets)
within a thin silicone material using a complex photolithography
process.”® The presence of these micro-voids created a different
stiffness of the surface above the micro-void compared to above
the bulk of the material, which then induced a ‘“deformation
mismatch” of the surface under stress, generating a crack at the
ice/coating interface. Similarly, Ghasemi et al. dispersed soft
PDMS microgels into a PDMS elastomer and reported a signifi-
cantly lower ice adhesion than that for previously reported
unmodified silicone elastomers.” This finding was attributed
to a low force induced cracking of the ice/coating interface
triggered by a localization of the stress at the interface between
the heterogeneity and the ice. Using the same principle, Hure
et al. provoked easy cracking of an ice/metal interface by creating
microcavities and filling them with soft polymers such as
silicones.”” The concept of stress localized surface (SLS) appears
to be equally applicable when including harder heterogeneities
within a soft matrix. For instance, Zhang et al. incorporated hard
PVC fillers into a soft PDMS elastomer to induce low ice
adhesion.”® However, good ice shedding of a large scale of icing
was reached only using an additional plasticizer, which reduces
the modulus and may leach out, thus impairing the long-term
properties.

Although these systems exhibit promising properties, the
requirement of multiple steps in their preparation, or the
limited durability of soft PDMS, makes the practical implemen-
tation of such coatings challenging.'®*> To resolve the dur-
ability issue, Ghasemi et al. incorporated PDMS microgels and
silica particles into a PU matrix to form a network ‘“guiding”
the propagation of the crack.”® Despite being one of the
icephobic materials with the highest mechanical durability
(Young’s modulus as high as 10 GPa) reported to date, this
material uses a multi-step preparation process that complicates
any consideration of industrial large-scale application. Addi-
tionally, almost all the research cited above only focuses on the
adhesion of small pieces of ice, an approach now considered
insufficient to assess large scale performance,®® as a loss of
proportionality between force and the surface area [ice adhe-
sion (tice) = F/A] was observed in many materials for large scales
of icing.*®

Hence, the present study aims to investigate the potential of
one-pot self-segregating siloxane-urethane coatings*®>° as dur-
able and crack-propagation-initiating ice-shedding surfaces.
We first examine the influence of the PDMS domains on the
surface modulus and scrutinize the ice-shedding properties of
the coatings. The objective is to determine if the presence of
soft PDMS domains would trigger stress localization and crack
propagation at the ice/coating interface, in turn, leading to low
interfacial toughness coatings: a property that is crucial to
facilitate large-scale ice shedding. Additionally, the influence
of the domain size and the type of PDMS on the interfacial
toughness is investigated. Finally, the durability of the pre-
sented coatings is demonstrated in terms of the bulk mechan-
ical properties and conservation of the unique surface
topography of the coating over time.
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Results and discussion
Primary characterization of the coating surfaces

Self-segregating siloxane-urethane coatings were obtained either
by co-reacting an IPDI-based polyisocyanate with a tri-functional
hydroxy terminated polycaprolactone (Placcel 305) and a carbinol-
difunctional PDMS [C-PDMS] or with an amino-functional PDMS
[A-PDMS], as presented in Scheme 1. We named the samples as a
function of the wt% of PDMS included in the formulation, the
type of PDMS (A- or C-PDMS), and the time of mixing of the
formulation before its application. Thus, the formulation con-
taining 5% of C-PDMS and mixed for 4 h will be referred to as
5% C-PDMS-4 h. Formulation details are provided in the SI.

As previously reported, different surface topographies are
obtained as a function of the amount of PDMS and the time
allowed for the mixing step prior to application of the
coating.***° Such a variation of surface topography is depicted
in Fig. 1 for samples obtained with C-PDMS. Smaller (micro-
scopic) domains are obtained for lower PDMS content or longer
mixing times, while larger, and even macroscopic, domains are
obtained for higher PDMS content or shorter mixing times. The
reduction in domain size with time of mixing is attributed to a
higher extent of PDMS reacting with the IPDI polyisocyanate
before application, thereby improving the interaction between
the PU and PDMS phases and increasing the interfacial area
between the two phases.

In this study, we selected seven self-segregating surfaces
with different topographies and one PU control (0% PDMS, 4 h)
to investigate their ice-shedding properties. The different surface
morphologies of the coatings are presented in Fig. 2, which were
mainly obtained by varying the amount of PDMS and the time of
mixing, as well as the type of PDMS (C-PDMS vs. A-PDMS). AFM
surface topography and roughness data were also recorded and
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Scheme 1 Structure of the components entering the self-segregating
coating formulation.
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PDMS weight content:
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: domains
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Smaller domains
Time of mixing
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A
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Fig. 1 AFM phase imaging of the coating surfaces as a function of C-PDMS content and time of mixing.

are reported in Fig. S1 and Table S3. As the presence of domains
may be difficult to see in the image presented in Fig. 2 for 5%
A-PDMS-4 h, we also provided smaller scan sizes in Fig. S1,
highlighting the presence of nanometric domains for this
surface.

Through AFM analysis of the surface, we determined that
the 5% A-PDMS-O sample (the only sample where the amino-
functional PDMS was pre-reacted with the isocyanate before
mixing it with the polyol) was the only surface, along with the
PU control, that did not have discrete domains on the surface.
However, optical microscopy images obtained during the AFM
experiment (Fig. S2) clearly show domains in the bulk of 5% A-

0% PDMS -4 h 5% C-PDMS -2 h

10% C-PDMS -4 h

40 pm

Fig. 2 AFM phase imaging of the coating surfaces investigated in this study.

This journal is © The Royal Society of Chemistry 2026

PDMS-O, as is the case for all of the PDMS-containing samples.
The presence of domains within the bulk of the coatings was
further confirmed by SEM and TEM analyses of coating cross-
sections (Fig. S3). These observations indicate that the for-
mation of these domains is likely induced by emulsion-like
phase segregation during the mixing process and highlight that
5% A-PDMS-O is the only sample of the set to present domains
within its bulk but not on its surface.

We verified the PDMS nature of the domains visible at the
surface of the coatings by Pi-FM analysis, as shown in Fig. S4,
and found that the presence of PDMS at the surface was
consistent with the measured surface energies for the coatings.

2.5% C-PDMS-4 h 5% C-PDMS -4 h

5% A-PDMS -4 h

5% A-PDMS - O

Mater. Horiz.


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6mh00075d

Open Access Article. Published on 24 March 2026. Downloaded on 4/15/2026 11:51:19 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Communication

)]
o

HH

N
o
1
T

w

o
1
T

%
2%
£

%S 9%
% R
SRS
QS
S98o%0%eS
QS
5555
T

RITISS
b3
%5
%S
5
%4%?

N
o

1
IS
RRRXS

vv
25
LK
Lototoototote!
SRR
SIS
26%%%!

<X
%%
o%
S
55
55

N

o
1
RIS

RRRIRX
KKK

ORI
LK
Sogesesote%
SRR

Surface energy (mN/m)

050
255
RS
RS
29098
29598
oFote!

3RS
“
<

09088
<

5

%t

Fig. 3 Surface energies determined from water and diiodomethane con-
tact angles.

All PDMS-containing coatings presented a surface energy of
approximately 22.5 mN m™ " (Fig. 3), corresponding to the value
typically expected for a PDMS material (22-25 mN m~")*>*! and
indicating that the surface energy of the surface is primarily
governed by the presence of the PDMS microdomains.
Although no domains were observed at its surface, the sample
5% A-PDMS-O also presented a PDMS-like surface energy,
indicating that the surface is covered by a homogeneous layer
of PDMS.

Finally, we performed AFM force mapping to evaluate if the
presence of these domains on the surface led to significant
(over one order of magnitude) modulus variations on the sur-
face of the coatings (Fig. 4). Note that given the experimental
conditions, we do not consider the absolute values of modulus
to be reliable as such and rather focus here on the observation
of significant variations of modulus felt on the surface, which
we consider to indicate the presence of harder and softer
segments. As postulated earlier, the modulus of the PDMS
domains was found to be about 1 to 2 orders of magnitude
(~50 to 100 MPa) below the one of the surrounding polyur-
ethane matrix (&1 GPa), indicating an overall high modulus
surface (polyurethane) containing distributed soft PDMS ‘pock-
ets.” Interestingly, the presence of softer domains was high-
lighted in each of the PDMS-containing samples, with the
exception of the sample 5% A-PDMS-O, which did not display
PDMS domains on its surface, further confirming that the
variations of modulus observed are induced by the presence
of the PDMS domains at the surface and not in the bulk.

Ice shedding properties and impact of PDMS domains’ size and
coverage

To determine if the measured modulus heterogeneities could
translate into advantageous ice-shedding properties, we
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investigated the adhesion of pieces of ice of 1 cm width, 0.6 cm
height, and length varying from 1 to 14 cm. All samples displayed
an initial linear increase in force necessary to remove the ice as
the size of ice increased (Fig. 5); however, the self-segregating
C-PDMS coatings and some A-PDMS coatings displayed a con-
stant force above 6-8 cm. This transition from a linear increase to
a plateau was previously described as the transition from a
strength-controlled to a toughness-controlled regime, where the
force becomes independent of the surface area of the interface.*®
The interfacial toughness between two materials corresponds to
the resistance of their interface to the propagation of a crack; thus,
materials with low interfacial toughness towards ice are preferable
to mitigate large-scale ice accretion due to the ease of crack
propagation between the two materials.*> The difference in
behavior observed between the PU control and the self-
segregating coatings is attributed to the presence of the PDMS
microdomains at the surface of the coatings. The impact of
surface heterogeneities is all the more striking since the 5%
A-PDMS-O sample, being the only sample showing no surface
domains, is the only experimental coating to not present a plateau
of force. One could argue that the formation of a PDMS layer on
the surface of 5% A-PDMS-O could modify the distribution of
stress on the surface and may negatively influence the presence of
a plateau of force. However, Golovin et al. previously demon-
strated that soft and thin (micron sized) surface layers such as
PDMS actually favor the attainment of a low interfacial toughness
plateau.>® We may only assume here that the difference between
our result with our 5% A-PDMS-O and Golovin’s can be ascribed
to the submicron size of the PDMS layer (most likely a few atoms)
which makes the mechanical properties of the PDMS layer
negligible. This assumption is consistent with the absence of
difference in the surface modulus felt by AFM on 5% A-PDMS-O
and 5% A-PDMS-4 h outside of the PDMS domains. Moreover,
these observations also highlight that a simple decrease of surface
energy (due to the presence of a PDMS layer) is not sufficient to
trigger a plateau of force.

Given the previous work performed on the localization of
stresses by creating macro-voids or by introducing PDMS
microgels into a PDMS matrix,">** we mostly assumed that
the presence of two significantly distinct moduli at the surface
of a material may lead to a heterogeneous deformation
response across the surface, inducing a concentration of the
applied stress in specific areas, thus facilitating the initiation
and propagation of a crack. However, one should also consider
that, as a strong icephobic material (has low interaction with
ice),*” the presence of PDMS microdomains at the interface
could also create weak points in the bonding of ice/coating,
likely to initiate cracks and facilitate their propagation as
previously suggested in the case of amphiphilic materials.”®
At the moment, since the PDMS additive and the polyurethane
present both different moduli and interactions with ice, it is
unfortunately impossible for us to determine exactly which of
these factors are predominant in the observation of low inter-
facial toughness, and we can only assume that both factors may
have a concerted effect. To obtain more insight into the specific
contribution of each factor, future work should involve the

This journal is © The Royal Society of Chemistry 2026
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Fig. 4

design of similar coatings presenting, this time, heterogeneities
solely in modulus or surface energy on their surfaces.

We calculated the interfacial toughness values from the
critical force (average of the forces on the plateau) using the
following equation described in previous work:*?

(R
2Eiceh

Interfacial toughness (I')

where F, corresponds to the critical force (force recorded on the
plateau), Ej. to the modulus of ice (8.5 GPa) and % to the
thickness of ice. We report values of interfacial toughness in
Table 1 along with the critical force and 7j. (ice adhesion from
the strength control regime). A strict consideration of these
absolute values for the C-PDMS family would suggest that the
5% C-PDMS-4 h coating is the best performing self-segregating
coating and the 5% C-PDMS-2 h is the worst performing
one. However, tracing all of the force curves on a unique graph
(Fig. S5) highlights a superimposition of almost all of the data
points obtained for the self-segregating samples, with the
exception of two outliers that lower the average critical force
of 5% PDMS-4 h and increase the forces for 5% PDMS-2 h,
respectively. We thus consider that the interfacial toughness of

This journal is © The Royal Society of Chemistry 2026
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(A) Force mapping analysis of C-PDMS samples. (B) Force mapping analysis of A-PDMS samples. (C) Variation of the modulus along the red lines
traced in (A). (D) Variation of the modulus along the red lines traced in (B).

the self-segregating coatings is not impacted by the size of the
domains and their coverage on the surface, at least within the
ranges tested in this study.

In a similar fashion, and despite the significant difference in
domain sizes, 5% A-PDMS-2 h and 5% A-PDMS-4 h showed no
difference in critical force, further highlighting the limited
impact of the domain size. We also found the values of tj..
obtained for the A-PDMS samples to be similar to the ones of
the C-PDMS or PU control samples, while the critical force
(x~72 N em ) and interfacial toughness (I' ~ 0.52 ] m %) were
slightly lower than those obtained for the C-PDMS (about
85 N em™" and 0.70 ] m™?). This tendency suggests that the
mono-functional A-PDMS tends to yield slightly better perform-
ing ice-releasing surfaces, even though it is not clear (at the
moment) if this difference is induced by its lower number of
functional end groups (1 functional end of chain vs. 2 for
C-PDMS), its higher molar mass (2000 g mol " vs. 1000 g mol "
for C-PDMS), or its functionality (amine vs. carbinol).

We finally compared the force curves of a 5% A-PDMS-4 h
coating of either 80 or 30 pm thickness to determine the
thickness effect on ice release (Fig. 6). Although we did not
observe any significant change in 7;.. between the two coatings,
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Fig. 5 Force (expressed per unit of width) recorded for the removal of ice samples from the surfaces as a function of the length of the ice. All coatings

are between 80 and 100 pm thick.

Table 1 Coating properties as a function of PDMS content and time of mixing

Sample % PDMS Mixing time (h) Thickness (um) Tice (kPa) Critical force (N cm™") Interfacial toughness (J m™2)
PU control 0 4 85 £ 10 130 £ 17 Not reached Not reached
C-PDMS 2.5 4 80 £+ 10 134 + 10 84.0 0.69 + 0.35
5 2 100 £ 10 132+ 7 98.5 0.95 £ 0.38
5 4 80 £+ 10 148 + 10 78.5 0.61 + 0.16
10 4 90 £ 10 130 £ 13 85.4 0.72 £ 0.29
A-PDMS 5 2 80 + 10 150 + 12 74.9 0.55 £ 0.16
5 4 755 118 + 20 70.5 0.49 + 0.14
5 4 30£5 144 £ 21 50.9 0.25 £ 0.10
5 Overnight 80 + 15 107 £5 Not reached Not reached
we found a decrease in critical force to about 50 N (I' ~0.25] m ?)  Durability

as the thickness of the coating was decreased to 30 um. This
decrease agrees with previous observations and theoretical
considerations® and highlights the possibility of reaching inter-
facial toughness properties very close to the theoretical limit of
0.1 J m 2 by reducing the thickness even further.>> The same
experiment was not performed on the C-PDMS series due to the
significant number of defects on the surface of 30 pm coatings,
which may be ascribed to the absence of surface treatment of the
substrate (wetting issue).

Mater. Horiz.

Since we expressed, in the Introduction, the need for durable
coatings for ice-shedding, we investigated the durability of our
coatings by testing the impact of the PDMS domains on
Young’s modulus and abrasion resistance (Fig. 7). Overall,
Young’s modulus of the coatings was not significantly affected
by the addition of PDMS, with a measured minimum of
1.38 GPa vs. 1.60 GPa for the PU control. The coatings of the
C-PDMS series appear to present slightly higher modulus than
the A-PDMS series (ranging from 1.38 to 1.54 GPa), which we

This journal is © The Royal Society of Chemistry 2026
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Fig. 6 Comparison of the force (expressed by unit of width) curves obtained as a function of ice length for a 5% A-PDMS formulation of samples with a

thickness of 80 (A) or 30 pm (B).

ascribe to the mono-functionality of A-PDMS, leading to the
presence of dangling polymer chains in the network. Additionally,
Young’s modulus of A-PDMS seems to be affected by the time of
mixing, which is likely due to an increase of the amount of PDMS
chains that reacted with isocyanate and integrated into the net-
work over time. By Taber abrasion, we observed an increase of
approximately 15 mg/1000 cycles in the wear index when adding
PDMS to the formulation. However, this difference is within the
standard deviation range observed for the PU control. Moreover,
ASTM D4060-19 (Taber abrasion standard) indicates an expected
wear index of approximately 50 mg/1000 cycles for PU coatings,
implying that our PDMS-modified coatings behave as well as any
PU coatings, with a weight loss observed within tens of milli-
grams, indicating fairly robust coatings.

To further highlight the difference in mechanical properties
between the coatings presented in this study and the materials
usually reported in the ice-shedding field, we would like to
underline that the modulus of a typical PDMS material ranges
between 100 kPa and 1-5 MPa,*** a significantly lower value
than the minimum value of 1.38 GPa obtained in our study.
Moreover, Golovin et al. showed that extremely low interfacial
toughness could only be achieved with extremely thin (1.5 pm)
PDMS coatings (while thicker PDMS coatings yield lower tjc.
values), while materials

presenting higher mechanical
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Fig. 7 (A) Young's modulus measured through the tensile test. (B) Weight

losses observed during Taber abrasion experiments, using a CS-10 grit.
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properties (modulus > 0.5 GPa) did not provide low interfacial
toughness, even at equivalently low thicknesses.** To bring low
interfacial toughness to a PVC material, Golovin et al. high-
lighted the need to significantly reduce its modulus (from 3.6
GPa to 120 MPa, about 97% decrease) by adding 50 wt% of
medium-chain triglyceride oil as a plasticizer and to produce
extremely thin (1 pm) coatings.®® Later, low interfacial tough-
ness was reached for thicker (50 pm) PVC coatings by adding
even more plasticizer (60 wt%).*® However, such an approach is
likely to decrease even further the modulus of the matrix and to
negatively affect the durability of the properties due to the over-
time depletion of the plasticizer. In comparison, the method
proposed in our study does not significantly reduce the mod-
ulus of the coating (minimum of 1.38 GPa against a value of
1.60 GPa for the PU control), does not require the use of a non-
bonded additive, and does not require an extremely low coating
thickness of 1-2 pm (uncommon for organic coatings). The
developed coatings thus demonstrate a higher tolerance to
thickness variations of a few microns during the application
process, as well as improved overall coating durability. Fig. 8

1 0 1 1 1 1 I

PVC From Golovin et al.
PVC LIT From Golovin et al.
Other data from Golovin et al.

"> D> e
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Fig. 8 Graphical comparison of the interfacial toughness and modulus of
the best coating of our work (5% A-PDMS-4 h, 30 um) and the ones of the
materials investigated by Golovin et al.*® or Yu et al.*’
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(A) AFM phase images obtained in between icing/push-off cycles on the sample 5% C-PDMS-4 h, 80 um thick. (B) Ice adhesion measured over 10

icing/push-off cycles using a 12 cm mold on the sample 5% C-PDMS-4 h, 80 pm thick. (C) Force measured on the plateau over 10 icing/push-off cycles

using a 12 cm mold on the sample 5% A-PDMS-4 h, 30 pm thick.

presents a graphical comparison between the interfacial tough-
ness and modulus values reported in this work and those
reported in previous publications.

We performed 10 icing/push-off cycles on 5% C-PDMS-4 h
and performed AFM analysis of the tested surface in between
icing/push-off cycles while ensuring to test the exactly same
surface over and over by marking it. Fig. 9A shows no obvious
degradation or deformation of the surface over 10 cycles.
Additionally, the values obtained for the removal of a 12 cm
mold (on the plateau of force) appear to be fairly stable over the
10 cycles, as shown in Fig. 9B. Similarly, our lowest interfacial
toughness formulation (5% A-PDMS-4 h and 30 pum thick)
highlighted a strong stability of the value found on the plateau
over the 10 icing/push-off cycles (Fig. 9C). No AFM imaging
before/after was performed for this formulation due to the very
small size of the domains.

C-PDMS

Finally, we assessed a 5B adhesion ranking (0 being the
lowest adhesion ranking and 5B the highest) for all formula-
tions using the cross-hatch adhesion test method, ASTM
D3359, when samples were coated over sandblasted aluminum.
This result indicates good adhesion of the coating on the
substrate, which we attributed to the absence of PDMS at the
interface with the substrate (see the SI).

Transparency of the coatings

The transparency of coatings can be an important parameter for
solar panels or light detectors used in areas subjected to freezing
conditions. We thus roughly assessed the transparency of our
coatings simply by peeling them off bare aluminum and placing
them over the text as presented in Fig. 10. C-PDMS coatings
appear to be almost as transparent as the PU control, with a clear
distinction between the text and background colors. We thus

A-PDMS

Fig. 10 Transparency of the PU control (0% PDMS, 4 h), compared to that of the self-segregating formulations (all coatings are about 80 to 100 um

thick).
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expect these coatings not to disturb the passing of light and to be
of potential interest for solar panels. A-PDMS coatings, however,
displayed a much more pronounced haziness with a background
color barely recognizable (due to the white aspect of the film),
but still displayed a good definition of the text. To determine the
applicability of these coatings for light-sensitive applications,
additional investigation, such as optical transmission spectro-
scopy, would be necessary. However, as with the ice shedding
properties, we expect the transparency of these coatings to be
improved as their thickness is reduced from 80 to 30 pm.

Conclusions

In this study, we described the strong potential of one-pot self-
segregating coatings in the field of ice-shedding coatings. We
demonstrated that the siloxane-polyurethane (Si-PU) coatings
investigated in this study exhibited PDMS micro-domains on their
surface, which induced both modulus heterogeneities of over an
order of magnitude and surface energy (icephobic/hydrophobic)
heterogeneities, across the coating surface. Despite the presence of
these domains (or modulus/surface energy heterogeneity), we did
not observe any difference in ice adhesion strength (i) between
the Si-PU coatings and the PU control. However, the presence of
these domains at the surface did lead to the occurrence of a critical
force for larger pieces of ice, which was not observed for the PU
control or the one Si-PU coating of the study that did not present
domains at its surface. The presence of this plateau of force only
when heterogeneities are displayed on the surface highlights the
benefit of such heterogeneities in producing a large-scale ice-
shedding material. We found this critical force to be dependent,
in addition to the presence of micro-domains, on the type of PDMS
and the thickness of the coating, but to be independent of the
relative size of the microdomains. We found that all Si-PU samples
presenting surface heterogeneity displayed low interfacial tough-
ness, with recorded values as low as 0.25 ] m~2, which is quite close
to the theoretical lower limit of 0.1 ] m~>.3® Such low interfacial
toughness values were reached without requiring ultra-thin coat-
ings (1-2 um) but still necessitates relatively thin coatings (<100
um), with the best performances reached as the coating gets
thinner. More importantly, low interfacial toughness was reached
without significant deterioration of the bulk mechanical properties,
as demonstrated by the negligible decrease in Young’s modulus
and abrasion resistance upon addition of PDMS. Furthermore, the
domains present on the surface, along with shedding properties,
were found to be resilient over multiple icing/push-off cycles,
suggesting (along with elevated Young’s modulus) long-term dur-
ability and efficiency of the coatings. Finally, as an additional
benefit, the transparency of some of the tested coatings makes
their use in applications that require light transmission plausible.
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