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Abstract : A novel anti-icing/de-icing system.composed of bi-stable laminate
composite structures with superhydrophobic surface and soft electrothermal patch is
investigated in this paper. In this system, the superhydrophobic surface has superior
performance in anti-icing and de-icing by reducing the adhesion of the ice-skin
interface; meanwhile, a thermo-mechanical way to remove ice is conducted by
deforming the bi-stable structures using heating actuation method. The
superhydrophobic layer is fabricated by decreasing the free energy of copper oxide on
the copper surface. The water contact angle of the superhydrophobic surface is tested
by an optical contact angle measuring device, which reaches above 155° and the
sliding angle is less than 10°. In addition, the microstructure of superhydrophobic
layer is characterized by using a scanning electron microscope (SEM) to illustrate the
superhydrophobic mechanism. Moreover, outstanding self-cleaning properties and
UV-durability are obtained on the prepared surface. Experimental results indicate that
the system has good performances in both anti-icing and de-icing processes when
working at the subzero temperature. Meanwhile, there is no liquid water left on the
surface after the snap-through process of bi-stable structures. Besides, the factors that
affect the anti-icing and de-icing performance of system are discussed, including the

superhydrophobic property, morphing characteristic of bi-stable laminate composite



structures and actuating method. Finally, the finite element method is used to simulate
the factors that affect the deformation of bi-stable structures independently, including
the single layer thickness, stacking sequence of the laminate and the embedment of

the electrothermal alloy.

Keywords: Anti-icing/de-icing system; Bi-stable laminate composite structures;

Superhydrophobic surface; heating actuation method; Finite element method.

1. Introduction

In recent years, the study on the de-icing system has become popular as the ice
brings great impacts on energy production [1] and traffic tools, such as wind turbines,
aircraft, ship, etc. Many researches have shown that the electrothermal de-icing
system based on composite materials is a useful and effective way to remove the ice.
For instance, Brian et al. [2] designed a new electrothermal de-icing device for carbon
fiber composite aerostructures, which has the ability of anti-icing/de-icing by
efficiently transferring electrothermal €nergy. A self-heating fiber reinforced polymer
composite was manufactured by Chu et al. [3] and was tested under the condition of
-22°C with the wind speed of 14m/s. The results indicate that the composite materials
have a high heat production rate and perform well in the de-icing process.

Although considerable attentions have been given to the composite materials, two
aspects are still under discussing: one is how to enhance anti-icing performance
without extra energy consummation; another is how to solve the re-freeze problem
without continuous heating in low temperature condition when the ice melts. To this
end, a new system composed of the bi-stable structures combined with the
superhydrophobic surface and soft electrothermal patch is designed in this paper.

The superhydrophobic surface [4] which is originated from the microstructure in
natural [5], such as the surface of lotus leaves and rose petals has massive and
complex microstructures [6]. It has received considerable attention due to its excellent
performances of self-cleaning [7-8], anti-icing [9-10] properties, etc. Various
materials can be used as substrate of superhydrophobic surface, including silica gel

[11-13], wood [14], graphite [15-16] and metal [17-20]. For instance, Sun et al. [21]



proposed iron-based superhydrophobic surfaces via electric corrosion without bath,
and good anti-icing performance was observed in the experiment under condensing
conditions. However, most superhydrophobic materials have not integrated with other
materials to form new composite structures, which limit the application of
superhydrophobic layer. In this paper, the bi-stable structures are integrated with
superhydrophobic material so as to form novel bi-stable composite structures.

As to the bi-stable structures, which have two different kindsof stable
configurations, can be stable in two shapes without external actuation force [22-23].
Hyer found the bi-stability of unsymmetric composite laminates firstly [24-25]. Then
a four-parameter analytical model based on the Rayleigh-Ritz technique was proposed
to predict the shapes of bi-stable laminates [26]. Subsequently, researchers have found
that the bi-stable structures can be changed from one stable shape to another with
external actuations, such as temperature fields [27-29], mechanical forces [30-31],
piezoelectric materials [32-33], shape memory alloys [34-36] and electromagnetism
[37]. Two main reasons of choosing the bi-stable structures are as following: first, the
stable state of bi-stable structures can successfully be transformed through various
actuating methods [38], especially the heating method [39]; second, ice protection
systems(IPS) consisted of bi-stable structures via a combination of thermal and
mechanical mechanisms have been successfully investigated [40-41].

In this_paper, an actuating method is used by heating the bi-stable structures
locally “to" achieve the anti-icing and de-icing functions. Moreover, the
superhydrophobic surface has been integrated to the bi-stable structures to reduce the
adhesion of ice. Therefore, the ice can be shed off by an actuation of the its gravity,
vibration or wind [42]. The applications of this anti-icing/de-icing system includes
IPS for multifunctional skins and structural members which are exposed to extreme
environments, such as wind turbines, bi-stable wing and transport(aerospace) [43].

The schematic diagram of the anti-icing/de-icing system is illustrated in Fig.1,
including bi-stable laminate composite structures, superhydrophobic surface and soft
electrothermal patch. In this paper, the anti-icing/de-icing system is studied in the next

three sections: the fabrication of superhydrophobic surface using the chemical



corrosion method is presented in Section 2 and several characteristic tests are
conducted, including water contact angle, microstructure characterization,
self-cleaning properties and UV-durability. In addition, the anti-icing and de-icing
tests of this new system are conducted under -10°C. Then, the results are given in
Section 3 with the discussions of experimental results. In Section 4, the deformation
characteristics of bi-stable structures are analyzed to design the bi-stable structures
needed for the anti-icing/de-icing system by using the finite element method
separately. The effects of the single layer thickness, the stacking sequence, the heating

area and the electrothermal alloy are studied respectively.
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Fig.1. (a)The schematic diagram of the anti-icing/de-icing system; (b)The profile of

the anti-icing/de-icing system.
2. Experimental investigation

2.1 Fabrication of superhydrophobic surface

The main materials include deionized water, acetone, anhydrous alcohol, NaOH,
H>SO4(1mol/L), and K»S,0g (0.064mol/L). These materials are used for preparing the
cleaning solution and chemical corrosion solution. Besides, the stearic acid
(0.01mol/L) is used for preparing solution that can decrease the free energy of the
surface. The substrate is copper foil and the dimension of specimens is
140mmx140mm X 0.05mm.

A simple two-steps chemical etching method is used in this paper. Primarily, the

nano scale roughness is built in the process of chemical corrosion; then stearic acid



ethanol solution is used to modify the surface energy. The principles of chemical

reactions are as follows:

K>S,05+Cu+2KOH—>2K>SO4+Cu(OH); | M

Cu(OH),5CuO+H,0 )

More concretely, the preparation of the superhydrophobic surface of the bistable
structure surface is as follows: firstly, the copper substrate is bound to the laminate
surfaces using soft glue and polished mechanically using 1000# metallographic
abrasive papers. Then the acetone, deionized water and anhydrous ethanol are used to
remove the oil and impurities from the surface in the ultrasonic ‘condition for Smins,
respectively. In the next step, the copper foil is put into dilute sulfuric acid solution
for 30~60s to remove the existing oxide layer. After soaking in the solution of K>S>Os
by water bath and heating for 50min at 60°C and placing in a dry box of 100°C for
40mins, a new copper oxide layer owing nano scale roughness is formed. Then, the
specimen is put into stearic acid ethanol solution with a concentration of 0.01mol/L
for 30mins [44-45]. Finally, the superhydrophobic surface is obtained after drying the
copper foil at 100°C.

2.2 Water contact angle and microstructure characterization of superhydrophobic

surface

The screenshots of dynamic contact angle are shown in Fig.2 (a), which indicates
that the water contact angle reaches 155°. The water droplet (10uL) in the
compression and lifting process changes from sphere to ellipsoid and finally recover
to sphere, as shown in Fig.2(b). Therefore, the superhydrophobic surface has a lower
adhesive property than the copper foil surface, which means that it is beneficial to
droplet to bounce or slid when dropping on the surface and less water will stay and
freeze in this area.

In addition, the scanning electron microscope (SEM, type: TESCAN VEGA 3
SBH) is used to observe the microstructure of superhydrophobic surface [46]. The

SEM micrograph is shown in Fig.3(a), where the picture is magnified by 20,000 times.



It is indicated that the copper oxide has linear and compact microstructure after
chemical etching. The schematic diagram of the superhydrophobic surface is given in
Fig.3(b). When the microstructures are filled with stearic acid particles, the surface of
copper oxide owns superhydrophobic property.

i ) @

Contact angle

(a) (b)

Fig.2. Water contact angle tests of superhydrophobic surface measured by optical
contact angle measuring device (Dataphysics OCA30). (a) Static water contact angle.
The angle signed with red line is the contact angle between water droplet (10uL) and
surface of superhydrophobic surface. (b)Screenshots of dynamic water contact angle.
The figures represent the compression and lifting processes of water droplet in the test.

Red arrows indicate the moving direction of droplet (10pL).
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Fig.3. (a) SEM micrographs of copper oxide surface after chemical etching. The
surface is magnified by 20,000 times. (b)Schematic diagram of the superhydrophobic

surface which is consisted of microstructure of copper oxide and stearic acid particles.



2.3 Self-cleaning properties and UV-durability tests

The self-cleaning is used to prolong the service life of superhydrophobic surface
by resisting wear. The self-cleaning function of the superhydrophobic surface is tested
with CaCO; powder as contaminants. In the experiment, the copper foil which has
superhydrophobic surface is pasted on the glass slide, and the whole process. of
self-cleaning test is shown in Fig.4. First, a thin layer of contaminant powders. is
sprinkled on the superhydrophobic surface and then a water droplet of 0.05ml is
placed on the contaminated surface with another on the clean one. As shown in
Fig.4(a), the droplets in the two areas remain to be a spherical shape. During the
process of sliding, the contaminant powders are immediately adsorbed on the surface
of the water droplet and no longer peel off the surface of the water droplet to
contaminate the superhydrophobic surface again (Fig.4(b)~4(c)). This phenomenon
confirms that the water surface tension is indispensable in adsorbing contaminants.
Due to the low surface energy of superhydrophobic surface, the water can carry the

contaminants away from the surface.

(a) CaC0, powders (b) R ctory (€)  Droplet with CaCO, powders

Fig.4. Self-cleaning process on the superhydrophobic surface using deionized water.
LED UV Light Curing System (UP3-314) was used to assess the UV-durability of
the superhydrophobic surface. The sample was exposed (the size of exposure area is
2cm X2cm) to UV light(center wavelength: 450nm) for 12h at a room temperature.
Besides, the static water contact angle of the sample was measured every 1h. The
results are given in Fig.5, which indicates that the sample has the contact angle
between 155° and 151° under UV irradiation in different time, suggesting a superior
UV-durability. Although the exposure time is not too long, the intensity of UV-light is

stronger than that in the sunlight [47].
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Fig.5 Broken line graph of the CAs of the prepared surface after UV-light exposure.

Inset: corresponding optical images of CA.
2.4 Anti-icing tests

The anti-icing test is carried out under -10°C by dripping cold water (which is
kept at 0°C) on the surface of bi-stable structures at the rate of 10ml droplets per
10mins for 50mins. In the experiment, two [03/903] bi-stable laminate composite
specimens (140mmx140mm) are used, which are marked as Specimen I and
Specimen 1L, respectively. Specimen I has superhydrophobic surface with a same
dimension as the bi-stable structure (140mmx140mm). The results of anti-icing test in
Fig.6 indicate that the droplets on the surface remain a spherical shape and few of
them are still liquid after 2h; by contrast, Specimen II is covered completely with ice
in 1.5h, as shown in Fig.7. Two specimens are weighted fleetly at subzero temperature
to compare the quantity of ice left on these two specimens after 3h. The results are
shown in Table 1, which indicates that the Specimen I has less ice on the surface using

same consumption of water in the same time.
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Fig.6 Anti-icing test of Specimen I at -10°C. The dimensions of Bi-stable structures

and superhydrophobic surface are 140mmX 140mm. (b) and (d) are the enlarged

views of (a) and (c), respectively

(2)1.5h

Fig.7. Anti-icing test of Anti-icing test of Specimen II at -10°C. The dimensions of
Bi-stable structures are 140mm X 140mm. (b) and (d) are the enlarged views of (a)

and (c), respectively



Table 1. Quality changes of two specimens.

Sample Initial weightg Yo et With Weight of
ice/g ice/g
Structures without
superhydrophobic 4.241 23.993 19.752
surface
Structures with
superhydrophobic 4.437 17.361 12.924

surface

2.5 De-icing tests

After the anti-icing experiments, more cold water is dripped on the surface of
Specimen I to ensure the weight of ice on two specimens same. The soft
electrothermal patch (which consists of polyimide and electrothermal alloy) with a
power of 25 watts is used in order to melt the ice on the surface and actuate the
bi-stable structure. The electrothermal patch is bonded to the surface of bi-stable

structures using soft glue and its dimension is 140mm X 140mm.

Electrothermal patch
(On the back of the structures)
L

Fig.8. Platform of de-icing experiment. The electrothermal patch is bonded on the
back surface of the bi-stable structures which cannot been seen in the figure.

The de-icing experiments are conducted at -10°C in a cool chamber, as illustrated
in Fig.8. The results of two specimens in de-icing process are given in Fig.9. As

observed, the ice on both two surfaces melts after heating the specimens. Finally,



there is no droplet left on the surface of Specimen I after the snap-through process; by
contrast, a spot of water remains on the surface of Specimen II, though the ice on

bi-stable structures surface has melted completely.

i

'}‘

Fig.9. De-icing test of bi-stable structures in low temperature condition (-10°C). The
soft electrothermal patches are bonded on the back surface of the bi-stable laminate
composite structures. (a)Specimen I is the bi-stable structures with superhydrophobic
surface. There is no liquid water on the surface after the de-icing process. (b)
Specimen II is the bi-stable structures without superhydrophobic surface. It is obvious

that some liquid water still remains on the surface.
3. Discussions of the experimental results

The experimental results in Section 2 indicate that the surface of the system has
good superhydrophobic characteristics, self-cleaning performance and UV-durability.

Meanwhile, the system performs well in both anti-icing and de-icing processes. Three



main factors of the system have played a positive role, including superhydrophobic
surface, bi-stable composite structures and heating method, which will be discussed

detailedly in this section.
3.1 The positive influence of superhydrophobic surface

The superhydrophobic surface of the bi-stable structures has a good waterproof
property because of its nanostructures and low surface free energy. Fig.6 and in Fig.7
indicate that less droplets can remain on the superhydrophobic surface so that less ice
will remain on the surface, as the results shown in Tablel. In addition, Fig.6(d) shows
that there are still some droplets on the surface when the others have frozen, which
demonstrates that the superhydrophobic surface plays an important role in delaying
the crystallization of condensed water. In summary, the bi-stable structure integrated
with superhydrophobic surface has good anti-icing property without adding extra
energy in experiment. As seen in Fig.9, the ice melts completely when heating the
bi-stable structures. Then the liquid water slips away from the surface rapidly owning
to the superhydrophobic surface in snap-through process. This phenomenon will
shorten the period of deicing as well as the heating process, which will reduce the
consumption of energy. Besides, the function of self-cleaning will prevent the
superhydrophobic surface from wearing due to the dust particles. Above results
indicate that the superhydrophobic surface plays an important role in both anti-icing

and de-icing processes.
3.2 Effect of the bi-stable composite structures

The bi-stable laminate composite structures made from carbon-epoxy have an
excellent thermo-conductive properties and play an important role in transmitting the
thermal energy. Moreover, the morphing characteristics of the bi-stable structures
cause ice to slid and droplets to bounce away from the surface, as shown in Fig.9(a).
Therefore, the ice and droplets can be basically removed to prevent the re-frozen
phenomenon without continuously heating the structures. In addition,  the
configuration of bi-stable structures also affects the anti-icing and de-icing

performances of the system. If the curvature radius of the bi-stable structures is too



large, the vibration force produced by snap-through process is not enough to bounce
water droplets on the surface; on the other hand, if the curvature radius is too small,
the heating temperature will increase with the energy consumption increasing in the
meantime. Accordingly, it is greatly important to design the appropriate configuration
of bi-stable structures when consider the energy consumption and anti-icing/de-icing
performance synthetically. Therefore, finite element analysis method is used to design

bi-stable structures, which will be given in Section 4.
3.3 The role of heating method

As the disparity in residual stress between the unheated and heated regions
increases, the snap of the whole structure is triggered when the unheated regions lose
stability and bend longitudinally. The heating method is quite effective in actuating
the bi-stable structures and thawing the ice on the surface. Taking [03/903] laminates
for example, the time of melting ice reduces by 10% and the snap-through
temperature decreases by 19.63% when the heating region width increasing from
80mm to 100mm. However, when the heating region width exceeds than 110mm or is
smaller than 50mm, the bi-stable structures cannot complete the transition due to the
insufficient thermal actuating force of the heated area. In order to minimize the energy
consumption of the whole system, an appropriate dimension of the heating area
should be selected, which will be discussed in the next section using finite element

method.

4. Research on bi-stable characteristics and optimal design of bi-stable composite

structures

In this section, the bi-stable characteristics are studied using finite element
analysis (FEA) and novel bi-stable composite structures are designed. The discussions
in Section 3 indicate that the heating method, the structural characteristics and
deformation of the bi-stable structures have great effects on both anti-icing and
de-icing processes. Therefore, the FEA method is used to research the factors that

affect the bi-stable structures and to design new bi-stable composite structures



[48-49].

The snap-through process is simulated by the finite element method due to the
FEA can provide more detailed information [50]. Although the electrothermal patch
and the superhydrophobic surface have influence on the bi-stable composite structures,
it has little effect on the bi-stable characteristics. Besides, the results of FEA are used
to provide references for the deicing experiments and the design of the new composite
structures. Consequently, both the electrothermal patch and the superhydrophobic
surface are not considered in the FEA.

The bi-stable structures are fabricated by cooling the laminate from the curing
temperature to room temperature. Simultaneously, the remaining thermal residual
stress after fabrication affects the shape of cross-ply laminates [0,/904] T Therefore,
the snap-through process of bi-stable structures can be achieved by adjusting the local
thermal residual stress in FEA or in experiment. In this paper, ABAQUS commercial
software (version 6.10) is used to simulate the bi-stable behaviour of such laminate
[51]. Four-node shell elements (S4R in ABAQUS) are used, the properties of
carbon-epoxy T700/3234 in FEA are listed as follows: the longitudinal modulus
E11:123x109Pa, the transverse modulus E22:8.4><109Pa, the in-plane shear modulus
G12=G13=4.0x10°Pa, the Poisson’s ration v,=0.32, the longitudinal thermal expansion
coefficient a11=0.13x10'6/°C, the transverse thermal expansion coefficient

027=43.6x107%/°C, the thickness of each individual layer t=0.18mm [52].
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Fig.10. Size of the bi-stable composite laminate model. Blue area is the heated region.
In order to simulate the fabrication process, the bi-stable laminate is clamped
consistently at the central point and cooled from curing temperature (180°C, which is
maximum temperature in curing process and also the stress-free temperature) to room
temperature (20°C) in FEA. Then the model turns to the first stable state.
Subsequently, the blue area (as shown in Fig.10) is heated until the structure is
transformed, after which the model is cooled down to room temperature again. The
whole snap-through processes of the bi-stable structures in FEA are given in Fig.11(a),
and the experiment result are given in Fig.11(b). The effects of the thickness of single
layer, the .stacking sequence, temperature field and electrothermal alloy on

snap-through process are discussed below.

Stable state [

[@D) (2) (3)

Snap-through
Stable state 11

(6 (3 (4

(a)The whole process from fabrication to snap-through of bi-stable structures in FEA.
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(b) Snap-through process of a [03/903] laminates in experiment.
Fig.11. Snap-through process of [03/90;] laminates (140mmx140mm) actuated by

using heating method.
4.1 Thickness of single layer and the stacking sequence

The predicted curvature radius of [03/903]" laminates and the snap-through
temperature with different mesh density in FEA are shown in Fig.12(a) and Fig.12(b),
respectively. It shows that with the mesh density increasing, the curvature radius
converges to 0.2041m and the snap-through temperature is almost unchanged, which
indicates the initial mesh density (meshed by 1024 S4R elements) gives a

well-converged solution.
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Fig.12. Influence of mesh density of a [03/90s;] laminates on the FEA predicted
curvature radius and snap-through temperature.(a) Predicted curvature radius in

FEA.(b) Snap-through temperature in FEA.

However, the measured result (0.2193m) is 7.5% larger than that of the FEA
result (0.2040m) for the [03/905] laminates. The main reason of the difference between
the experimental and numerical results is the non-linear behaviour in the epoxy matrix
material and another may be the existence of resin-rich layer as reported by Panesar et
al. [53].

When it comes to the influence of single layer thickness, the predicted curvature
radius is shown in Fig.13, and the stacking sequence is also discussed. It is shown that
the curvature radius increases with the increasing of the single layer thickness.
Meanwhile, the curvature radius of the fabricated bi-stable structures is in good
agreement with that of numerical simulation. However, for the [03/905] laminates, the
measured curvature radius is larger and the snap-through temperature is lower than
the FEA results. Then the snap-through process of the bi-stable model occurs by
applying a local temperature field in FEA, as shown in Fig.14. As to [0/90] and
[05/905] laminates, the temperature of snap-through process decreases with the
increasing of single layer thickness. Furthermore, the snap-through temperature of the

[05/905] laminates is much lower than that of the [0/90] laminate.
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4.2 Temperature field

The resulting actuating force depends on the thermal residual stress of the heated
region. Thus, the width of the heated region is a significant factor. In FEA, the [03/90;]
laminate is studied as an example whose surface is divided into 256 small lattices. As
shown in Fig.10, each small lattice has a dimension of 8.75mmx8.75mm. As expected,
with the width of the heated region increasing, the temperature of the snap-through
process significantly decreases, as given in Fig.15. Nevertheless, when the width of
heating region exceeds 105 mm or is smaller than 52.5 mm, the heating actuation
method fails. Besides, the results shown in Fig.15 have the same changing trend with
those reported by Li [39], though the properties of the bi-stable laminate composite
structures are different (CCF300/5438).

The influences of the ice or the mixture of ice and water cannot be neglected, as
well as the effect of humidity on material properties [54], which makes the situation
complicated in the experiment. According to the results of the de-icing experiments,

the time of heating process increases obviously when the surface of bi-stable



structures is frozen by comparing the illustrations in Fig.9 and Figll(b). But the
mixture of ice and water can easily slip from the superhydrophobic surface in
snap-through process owning to the superhydrophobic property of the bi-stable
structures surface. Therefore, the superhydrophobic layer reduces the energy

consumption and makes the system more effective in de-icing process.
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Fig.16. The stacking sequence of the new structures after embedding the

electrothermal alloys and GFRP.
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Fig.17. Influence on the FEA predicted curvature radius and snap-through temperature
in FEA after embedding the electrothermal alloys-and GFRP. (a)The FEA predicted

curvature radius. (b) The snap-through temperature in FEA.
4.3 Electrothermal alloy

In order to reduce the® influence of soft electrothermal heating patch, the
electrothermal alloy is designed as internal heating sources to actuate the bi-stable
structures to change between two stable shapes. A modified FEA model is given in
this paper. Firstly, the electrothermal alloys are embedded in the laminates. Besides,
the glass fiber-reinforced polymer (GFRP) layers are used to avoid the electric
conductive interference between the electrothermal alloys and prepreg. The stacking
sequence of the new structures is shown in Fig.16, which has the same dimension
(140mmx140mm) as the previous numerical model and the red lines represent the
orientation of fibers.

As illustrated in Fig.16, the electrothermal alloys and GFRP are designed to be
two layers to keep the characteristic of the original stacking sequences. For example,
the [0/ (GFRP, alloy),/90] laminate is designed to have a similar stacking sequence
with the [0/0/90/90] laminates. The results shown in Fig.17(a) indicate that the

curvature radius increases compared with the structures without electrothermal alloys



and GFRP. Moreover, it can be seen from Fig.17(b) that the snap-through temperature

decreases as the total thickness of the whole structures increases.

5. Conclusions

A novel anti-icing/de-icing system composed of bi-stable laminate composite
structures with superhydrophobic surface and soft electrothermal patch is presented in
this paper. In this system, the electrothermal patch is used to provide actuating force
in snap-through process and transmit the thermal energy. Moreover, the copper foil
with superhydrophobic surface is bouded on the surface of the bi-stable structures to
enhance the anti-icing/de-icing performance of the system. In the experiment, the ice
on the surface of structures is melted completely by heating the bi-stable structures.
Simultaneously, with the process of snap-through, little droplets remain on the
superhydrophobic surface compared with the region without superhydrophobic
surface. The experiment results indicate that: (1) it is a realizable way to achieve
de-icing by heating the bi-stable structures using the electrothermal patch. (2) The
superhydrophobic layer bonded on the bi-stable structures enhances the
water-resistance and anti<icing/de-icing performance of the composite structure
system. (3) The new bi-stable composite structures with superhydrophobic surface
have superior anti-icing capacity and have excellent performance in de-icing
processes when actuated by heating. Further researches on the application of this
novel anti/de-icing composite structure system are expected to be done in the next

step.
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