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| cephobicity of Metal Meshes

Metal meshes were coated with PDMS + silicone axtanes to elucidate the effects of porosity
0N T, IN spite of condensation. Each mesh, when testad,suspended on glass slides ~1mm
thick with the area directly below the column ofteraopen to air (inset, Fig. S5g). In this way,
condensation occurred on the Peltier plate bent@thmesh, but did not reach the column of
water during testing. At a Peltier plate tempemtoir-10°C, for a suspension height of 1mm, we
found the mesh surface temperature to be arourel @ther experiments indicate that there is a
negligible difference in5, measured at -8°C and -10°C. Wetted fractions, %nogrea and
surface roughness could all be considered conkiaanhy given mesh. To find the exact surface
area in contact with water during testing, we fastive the surface area of a single metal wire
with diameteD.

Water comes in contact with the top of each wirél uocally the Young’s relation has been
achieved, i.e. the angle made at the three-phagaatdine is the equilibrium contact angle

From geometr),ﬂ2 =(m- Hy)+(§—a), wherea is defined in the inset of Fig. S5e.

From this we flndzizz—w'[r)e as we have only considered one half of the wiramalRy,
n 2n

A, =D(71-8,). 2

For a given mesh, the mesh numbers defined linearly as the number of cells pehinthus

there are ®1 wires in any iA. We must be careful to not double count the sertrea from the
overlap of wires within the weave. There Metotal of these overlaps. We then write,

%:ZM*D(IT—Hy)—DMZ*D(IT—Qy) (3)
A, =DM (71-6,)(2-DM) (4)

If we consider a unit cell of a mesh, the areaaostone cell of the mesh, along with two wires,
with an overlapping area @ The side length of this unit cell is simplyM,/whereas the side
length of the open area iSM/~D. The open are@A is then,

_ 2
A= @/m [3) (5)
@a/m)
Which simplifies to
OA=1-DM(2-DM) (6)

The total parameter space of metal meshes studiede seen in Fig. S5a. When coating the
meshes we used solutions with a polymer conceotradf 200 mg/ml in hexane. Coating
thickness could alter the above calculations, amas twe experimented to find a coating
thickness that minimally altered the dimensionstted mesh while still providing complete
surface coverage (Fig. S5b,c). The optical imagtheftest setup shown in Fig. S5d highlights



how frosting is a major concern for textured suekam the Cassie-Baxter state. Underneath the
freezing column of water frost is prominently vigipbut it did not affect our measurements.

We tested four meshes of differing diameter butstamt 30%0A (Fig. S5f) and five meshes
with constant diameter (146h) and differingOA (Fig. S5e). We found a linear relationship with
Tie between bottDA andD?. Moreover, we found thab?r correlated best withic. for all the
meshes we tested (Fig. S5g). Heiie the Wenzel roughness, which is the nondimemsitomm

of SAnes (Which is defined per fi.

|” derivation

To find I” we take two surfaces with the sapie. The first does not have interfacial slippage
and has an ice adhesion strength denarltclga”p. Similarly, the second surface has interfacial

slippage and is denoteq‘:;p. We subtract the second surface from the first,
In(z7%) ~In(2) =2 In(e™) ~In(p™) +C ™

I" easily follows by simplifying the natural loganitis.
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Fig. S1. Liquid layer surface degradation. a, Variation of ziee with the number of icing
deicing cycles for SLIPS-basé#7) icephobic surfaced, The force vs. time curves for coati
Q, comprised of Sylgard 184 PDMS with a 1:1 basediker ratio and 75wt% silicone «
(Table S1), which has an initial ice adhesion gtierof 0.15 kPa. The ‘x’ symbol denotes
time when ice first umdhered from the coatinc, The effect of oil catent in our PU Or7ce
after normalizing byo™. The miscibility limit of safflower oil is ~ 16wt%it is clear that onc
the oil starts to phase separate from the PU efestathe mechanism for reduced ice adhe
transitions from interfacial slippado lubrication.d, When treated with a PDN-silane, surfaces
exhibit interfacial slippage and consequently lae iadhesion. Fluo-silanes, known to nc
exhibit interfacial slippage2f), show relatively high ice adhesion, in spite oéitHow solid
surface energy.
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Fig. S2. Surface chemistry independence. a, The various icephobic surfaces falated in this
work. It is clear that most of the fabricated soe® do not follow the theoretic
[ U1+ COSHrectrend. For example, for coating A'Table 1),7ic. = 27+10 kPa, althoug8e =

12°. b, When recolored using the developl” parameter (with a cutoff cl” = 1.05), it is
apparent Ehat the linear trend between ice adhemmhsurface energy only applies for h
modulus [ < 1.05) elastomers without interfacial slipps
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Fig. S3. Tenslle test data. a, Stres-strain resultsfor our icephobic polyurethane rubk
(Vytaflex 40, 15 wt% safflower oil). Note the elatgpns at break are in excess of 1000%
Replotting the data using Moon-Rivlin axes allowsg™ to be computed (intercept of th-
axis at infinite elongation)Due to inaccuracies of the test machine at vernylsstrains, lineal
regressions for the stresiain data were fit when A <0.8, wherel is the extension ratio. Fi
all the materials tested, error between swellingliss and tensile test data was cally < 5%.
The error between measured samples was usually largdr than the test method discrepal
i.e. the two test methods gave statistically edamacrosslink densities, with an over
uncertainty of around 10%.
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Coating Designation

Fig. $4. Interfacial slippage mechanism additional data. a, Comparison of five samples (B.
PU+15 wt% vegetable oil, BH: PD\-modified PU+10 wt% silicone oil, RR: loo™- PDMS
without oil, OO: lowg™ PDMS + 25 wt% silicone oil, CB: PU+15 wt% safflowait, see Table
S1) sento CRREL compared to data taker-house. Note that CRREL data points (M-1) are
the average of two different samples tested onbeyeas the -house data points (Mo-Il) are
the average of at least 10 subsequent measurervods-| is defined by tesile loading at th
ice-substrate interface, whereas M-Il is defined by shear loading at the mebstrate interfas
(27). The zero-degreeene test (ZDC) is an alternate method of evalgafihode-1l ice
adhesionb, Low temperature studies for the polyurethane fillath 15wt% vegetable, cod livi
or safflower oil. The increase in ice adhesioricates the loss of interfacial slippage, cause
the freezing of the fatty acid chains. The polydassded fatty acid content increases fr
vegetable to cod liver to safflower cc. AFM phase image of the PU coating without
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Fig. Sb. Icephobicity of coated meshes. a, The parameter space of mesh properties evaluated.
The effect of dip coat solution concentration orofen areac, SEM micrograph of a PDMS
coated, mesh 50@l, Frost all around our ice testing setup, includimglerneath the suspended
mesh.e, 7iee versus the % open area of meshes With 140pm. f, 7ice versusD? for meshes
with an open area &0%. g, 7 for a coated mesh correlates very well with thedjator D?r,
wherer is the Wenzel roughness abds the wire diameter. The low interfacial areanssn ice
and the substrate can significantly lowgg. A PDMS-coated 4~ = 219+13 mol/m, 25wt%
100cP silicone oil) mesh with a wire diameter oDd#h and an open area of 59% displayed

™" = 2.4+0.5 kPa, whereaasl‘::""th = 3515 kPa. The inset shows the experimental skiup

ice

suspended metal mesh ice adhesion testing.
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Fig. S6. Elastomer solubility parameter determination. a, Equilibrium swell ratios for the P!
as a function of the probe solvent’s solubility graeter,dovent. The data is fitted to a Gaussi
b, Equilibrium swell ratios for the FPU as a functiohdye. The data is fitted to a-modal
Gaussian, accoting for the swelling of the fluorinated and uratkacomponents independent
The peak around 19 MP&s characteristic or the urethane b (27).

Movie S1 Caption

A droplet of water dyed green is frozen on onewfmost icephobic surface (coating Q in Te
S1) at 18°C. This specimen was sp-coated with a 500mg/ml polymer solution in hex
(10mL total). Once the water turns to ice, the sigfss slanted, and the ice slides off unde
own weight.

Movie S2 Caption

This movie shows an icephobic polyurethane sanze.~ 20 kPa) that we have molded int:
slab. One end of the slab is clamped in a vicepther is free to pull. When subjected to a st
of ~350%, the elastomer is still in tact with norsgf tearing or breakage. Upon removal of
load, the rubbereturns to its original length, pointing towardd#yielastic deformation. Whe
such a surface is subsequently tested for ice amtheke 7 is unchanged before and af
mechanical deformation.





