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ARTICLE INFO ABSTRACT

Keywords: Low surface energy polymeric materials always attract great interest due to their effective non-stick feature

Polyfluoroacrylate when contacting with other materials. In the present work, hydrophobic polyfluoroacrylates (PFAs) were syn-

Polymerization thesized using styrene, acrylic acid, and heptafluorobutyl acrylate via radical polymerization. The synthesized

iﬁ;‘;ﬁ’i‘g‘:i‘:iw PFA emulsions had a relatively low curing temperature (e.g. 80°C), and different molar ratios of hepta-
y

fluorobutyl acrylate were used to vary the fluorine content in the PFAs. From chemical analysis by Fourier
transform infrared spectroscopy, X-ray photoelectron spectroscopy, and nuclear magnetic resonance, it was
found that the synthesized PFA emulsion exhibited co-polymer structure consisting of the three monomer units.
PFA films were deposited on aluminium substrates by spin coating of the synthesized emulsions. The hydro-
phobicity of the films varied with the fluorine content, and a maximum water contact angle of 121° was achieved
under relatively smooth surface condition. Ice adhesion of the PFA films was also evaluated using a centrifugal

method, and the ice adhesion strength decreased with the increase of the fluorine content in PFA.

1. Introduction

Hydrophobic and superhydrophobic surfaces have received in-
creasing attention in aerospace, automotive and oil & gas industries due
to the unique potentials for anti-corrosion and self-cleaning applica-
tions [1-4]. Atmospheric icing often causes severe and fatal hazards in
power lines, telecommunications, wind turbine blades, as well as on the
surface of aircraft [5]. The origin of the hydrophobicity/super-
hydrophobicity mainly comes from the natural lotus leaves where the
incident water droplet rolls off the surface rapidly without wetting the
surface [6]. It is generally recognised that the modification of surface
profiles and the deposition of coating materials are effective in
achieving hydrophobic or even superhydrophobic surfaces [7,8]. Many
processes have been used to create the required rough surface, i.e.
chemical etching [9], anodising [10], and sol-gel [11], etc. Work con-
cerned on this aspect has been widely reported and microscale or na-
noscale surface roughness can be obtained if the process parameters are
carefully controlled [12-14]. In addition to surface modification, low
surface energy is the key controlling factor in the fabrication of
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superhydrophobic surfaces. Low surface energy coating has also been
proposed for providing icephobic surfaces. Such coatings appear to be
effective in minimising the water/ice accumulation at the surface. For
examples, polycarbonate coated superhydrophobic surface led to a
significant decrease in ice-adhesion strength for aluminium samples as
compared to the untreated reference [15]. A sol-gel coating of methyl
triethoxysilane (MTEOS) and 3 -glycidyloxypropyl triethoxy silane
(GLYMO) was reported to obtain a robust icephobic coating with water
contact angle (WCA) as high as 163.5° and ice adhesion strength is
lowered by 40% [16]. Self-assembling monolayers produced by varying
hydrophobic components had also been used for icephobic application
[17]. Among the available low surface energy coatings, polymeric
materials are the most promising candidates as they are inherently
hydrophobic [18-20]. It was reported that the water contact angle on a
micro-structured Poly(tetrafluoroethylene) (PTFE) coated surface can
be as high as 164° with contact angle hysteresis (CAH) of 2.5° [21]. And
a polydimethylsiloxane (PDMS) based surface exhibited a water contact
angle of 160° [22]. Other types of polymer coatings had also demon-
strated hydrophobic behaviour [21,23,24]. Besides, slippery liquid-
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infused porous surfaces were developed recently and have shown en-
couraging icephobic properties [25]. However, low mechanical prop-
erties of the coating materials, high processing temperature (e.g. 327 °C
melting temperature of PTFE [26]) and usage of lubricating liquid on
the surface are the key challenges for their applications.

Modified polymers with certain functional groups which exhibit
enhanced hydrophobicity are of particular interest since their chemical
and mechanical properties can be carefully tailored by varying the
content of monomers [18,27,28]. Icephobicity, on the other hand, is the
ability of a solid surface to reduce or prevent the ice formation and
hydrophobic surfaces with low surface energy are often used for ice-
phobic applications [29,30]. It is reported that ice adhesion strength
increases and water drop freezing time decreases with the decrease in
surface free energy but there is no direct relationship between ice ac-
cretion and solid wettability [31]. Reduced surface energy decreases
the shear adhesion stress and hence the ice adhesion strength on the
surface [16]. Ice adhesion strength correlates with water contact angle
only when the surfaces have similar roughness. Ice adhesion strengths
on low surface energy coated substrates with higher surface roughness
may be much higher than those with a smoother surface [32]. Again,
ice adhesion strength of oil infused polymer surface is much lower as
compared to superhydrophobic polymer surface [33]. There is an ar-
gument on the effect of superhydrophobicity induced by high surface
roughness, as the surface asperities may raise the ice interaction via
mechanical interlocking [34]. Therefore, synthesizing new polymeric
materials with low surface energy is believed to be a sensible long-term
solution for the R&D of icephobic coatings. Ice adhesion strength co-
relates strongly with the work of adhesion required to remove a liquid
water drop from the substrate surface, and the strength was reduced by
4.2 times when the substrate is coated with a low surface energy ma-
terial [35].

The present work attempts to synthesize a polyfluoroacrylate (PFA)
emulsion with low curing temperature, high hydrophobicity, and im-
proved icephobicity. The emulsion has been synthesized by a radical
initiated polymerization reaction of styrene, acrylic acid, and hepta-
fluorobutyl acrylate. Since the fluorine content is closely related to the
heptafluorobutyl acrylate, various molar ratios of heptafluorobutyl ac-
rylate are used. The polymer is thermoset in nature and the chemical
composition is characterized by Fourier transform infrared spectro-
scopy (FTIR), X-ray photoelectron spectroscopy (XPS), and nuclear
magnetic resonance (NMR) analysis. The hydrophobicity of the PFA
emulsion is quantified through WCA measurements, and ice adhesion
strength of the PFA films was evaluated by a centrifugal method.

2. Experimental methods
2.1. Chemicals

Styrene (purchased from Sigma Aldrich), acrylic acid (purchased
from Alfa Aesar), hydroxyl propyl acrylate (purchased from Sigma
Aldrich), heptafluorobutyl acrylate (purchased from Fluorochem), so-
dium dodecyl sulfate (SDS, purchased from ACROS organics) and po-
tassium persulfate (KPS, purchased from Fluorochem) were used for the
PFA synthesis.

2.2. Polyfluoroacrylate emulsion synthesis

A co-polymer of styrene, acrylic acid, and heptafluorobutyl acrylate
was synthesized where SDS and KPS were used as the emulsifier and
initiator, respectively. Styrene, acrylic acid, and heptafluorobutyl ac-
rylate were mixed at different molar ratios with constant stirring. The
molar ratio of styrene and acrylic acid was kept constant to 1, and the
ratio of heptafluorobutyl acrylate/styrene varied from 0.5 to 2. The
prepared mixture was added to 20 mL of 31 g/L SDS aqueous solution
and homogenised with a high-speed homogenizer for 15 mins. In par-
allel, 50 mL water was taken in a three-necked round bottomed flask in
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a water bath at 80 °C. The flask was connected with a reflux condenser.
The mixture prepared above was added to the round bottom flask
dropwise with constant stirring simultaneously with 10 mL 42 g/L KPS
aqueous solution. The mixture and KPS solution were added to the flask
throughout 1 h. Then the mixture was refluxed for 2 h at 80 °C, followed
by cooling overnight to allow the polymerization to complete.

Two types of PFA emulsions were synthesized and named as PFA
10.1 and PFA 10.2. PFA 10.1 came from styrene, acrylic acid, and
heptafluorobutyl acrylate in the molar ratio of 1:1:1; while PFA 10.2
contained the same precursors in the ratio of 1:1:2. Other experimental
conditions were identical.

2.3. Preparation of PFA film

The synthesized PFA emulsions were then deposited onto alumi-
nium 1050 plates with dimensions of 25mm X 15mm X 1 mm via spin
coating process using a Chemstat spin coater. The spin coating opera-
tion was conducted at a rotation speed of 500 rpm for 1 min and re-
peated for 3 times. The coated samples were then cured in an oven in a
temperature range of 80-180 °C. The cured samples were then cooled to
room temperature for further characterization.

2.4. Microstructural characterization

The synthesized PFA emulsion was characterized by FTIR and NMR
spectra. A Perkin Elmer Spectrum one FTIR spectrometer operating at
attenuated total reflection (ATR) mode was used. Transmittance in
percentage was measured against wavenumber in the range of 4000 to
500 cm ™. The scan was performed and averaged for 4 times. A Bruker
Advance III spectrometer operating at a 19F Larmor frequency of
564.7 MHz was used for NMR analysis. Three types of NMR processes
were performed, namely 'H, '3C, and '°F NMR. An X-ray photoelectron
spectroscopy (XPS, Kratos Axis Ultra Dld, Kratos Analytical Limited)
was used to conduct the chemical analysis of the PFA films using Al Ka
X-ray as the radiation source and the data was processed using CasaXPS
software.

2.5. Surface hydrophobicity and roughness

A First Ten Angstroms FTA200 dynamic contact angle system was
used for measuring the WCA of the PFA films. The surface topography
and roughness were investigated by an Optical Profiler (Zeta - 20). The
average surface roughness values (Ra) of aluminium substrate, PFA
10.1, and PFA 10.2 were listed in Table 1, ranging from 0.219 to
0.228 um. Overall, all the studied surfaces were under relatively smooth
condition.

2.6. Thermal characterization

For the characterization of thermal behaviour of the PFA emulsion,
differential scanning calorimetry (DSC) and thermogravimetric analysis
(TGA) were carried out. SDT Q600 was used for the analysis from room
temperature to 200 °C, with heating rate of 2 °C/min in air environ-
ment.

Table 1
Average surface roughness values (Ra) of aluminium substrates uncoated and
coated with PFA films.

Samples Average surface roughness (um)
Untreated aluminium 1050 0.228 =+ 0.008
Aluminium coated with PFA 10.1 film 0.219 * 0.014
Aluminium coated with PFA 10.2 film 0.222 * 0.006
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Fig. 1. FTIR spectra of PFA emulsion synthesized from 1:1:1 and 1:1:2 M ratio
of styrene, acrylic acid, and heptafluorobutyl acrylate PFA10.1 and PFA 10.2
respectively.

2.7. Ice adhesion tests

Ice adhesion tests were performed by a centrifuge adhesion test
method [36]. A rotor holding the ice/substrate sample on one end and
the same weight on the other end was rotated at increasing rotation
speed. When the centrifugal force on the ice induced by the rotation
overcame the ice adhesion strength, the ice detached from the sample
surface. Then the adhesion force (F) of ice on the sample surface could
be estimated as F = mrw?, where m is the mass of ice, r is the rotor
length and w is the speed of rotation at the detachment in rad/s. Then
the adhesion stress 7 could be calculated as © = F/A, where A is the ice/
substrate contact area.

3. Results and discussion
3.1. FTIR and XPS analysis

Fig. 1 shows the FTIR analysis of a PFA emulsion synthesized from
styrene, acrylic acid, and heptafluorobutyl acrylate with a molar ratio
of 1:1:1 and 1:1:2. As compared to PFA 10.1, the used heptafluorobutyl
acrylate is doubled for PFA 10.2. Both PFA spectra are similar in the
appearance of the peaks, although there are some variations in term of
peak intensity. It is noticed that no C=C characteristic peak is found at
1660-1630 cm !, indicating the completed polymerization of the
monomer [37]. The small peaks appearing at 2852 cm ™', 2920 cm ~*
and 3030cm™! correspond to the aromatic and aliphatic C—H
stretching bonds [38]. Several peaks are obtained between 1450 and
1610cm ™! (e.g. 1604, 1496 and 1456 cm™ ') which match with the
benzene ring C=C—C stretches and confirm the presence of benzene
rings in the result PFA products. The two strong peaks at 700 and
758 cm ™! relate to the monosubstituted benzene ring and hence con-
firm the presence of styrene units in the result products [39]. The ab-
sorption at 2852 and 2920 cm ™! shows aliphatic (saturated) C—H
groups. A sharp peak is obtained at 1750 cm ™! which corresponds to
the presence of carbonyl C=O in ester group, and the shoulder at
1716 cm ™! corresponds to the carbonyl in carboxylic acid group. A
wide peak around 3400-3500 cm ™! relates to the O—H stretching vi-
bration and the other peak at 909 cm ™! corresponds to the non-planar
angular vibration of O—H group in carboxylic acids [37]. The FTIR

Table 2
Atomic ratios of major elements of PFA films produced from different HBA/
styrene molar ratios.

HBA/styrene ratio Cls% Fls% O01s%
0.75 54.4 26.0 19.5
1 54.0 28.9 17.0
2 48.5 34.0 18.6
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Fig. 2. 'H NMR analysis data for PFA emulsion containing 16.6 wt% of fluorine.

result indicates the presence of acrylic acid structural unit in the pro-
ducts. Several complex absorption peaks between 1280 and 1120 cm ™!
are attributed to the —CF, group. CF—CF3 group absorbs strongly at
735cm ™!, and the absorption at 1350 cm ™' may be assigned to —CFs
group. Since the intense carbonyl peak at 1750 cm ™' belongs to the
ester group, heptafluorobutyl acrylate structural unit is verified in the
result products [40].

The amount of monomer units in the PFA emulsion is determined by
calculating the relative absorbance of absorption bands as A/Aq using
the baseline method, where Ay is the internal standard. In this study,
the benzene ring C=C—C stretching vibration peak of styrene unit at
1604 cm ™! is taken as the internal standard [37]. The calculation re-
sults show that the amount of acrylic acid unit in PFA 10.2 is slightly
more than that in PFA 10.1, and the amount of the heptafluorobutyl
acrylate unit in PFA 10.2 is significantly higher than that in PFA 10.1.

By comparing the above FTIR data, it is observed that identical C—F
bonds contained in PFA10.1 and PFA10.2 spectra irrespective of the
fluorine amount in the polymers. Therefore, the basic reaction me-
chanism and products remain unaltered, with different amount of
heptafluorobutyl acrylate involved in the polymerization.

Table 2 shows atomic percentages of carbon (C), fluorine (F), and
oxygen (O) in the PFA films synthesized using different molar ratios of
heptafluorobutyl acrylate. The molar ratio of styrene and acrylic acid
was kept constant at 1:1. With the increase of the HBA addition,
fluorine atomic ratio in the PFA films gradually increases. The atomic
ratios of carbon and oxygen vary as well, indicating the formation of co-
polymer structures containing a various number of monomer units.
When the HBA/styrene ratio is 0.75, the atomic ratio of carbon/
fluorine/oxygen of the film is 2.8:1.3:1. When the HBA ratio raises to 2,
the C:F:O atomic ratio of the film stands at 2.6:1.8:1. The overall

3 ('"H) / ppm

S ('"H)/ ppm
[}

200 180 160 140 120 100 80 60 40 20
8 (C)/ppm

Fig. 3. '>C NMR analysis for PFA emulsion containing 16.6 wt% of fluorine.
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Fig. 4. 'F NMR analysis data for PFA emulsion containing 16.6 wt% of
fluorine.

fluorine atomic percentage significantly increases in the PFA polymer.

3.2. NMR analysis

NMR analysis for 1H, 13C, and '°F NMR was conducted to determine
the groups present in the synthesized PFA emulsion.’H spectrum in
Fig. 2 shows two peaks which means that there are two types of hy-
drogens in the compound and both of them are in a totally different
environment. Two peaks are obtained at 2 ppm and 10 ppm, respec-
tively, and both of them are sharp with high intensity. The starting
materials were styrene, acrylic acid, and heptafluorobutyl acrylate and
hence two types of hydrogen were involved: aromatic hydrogen of the
benzene ring and aliphatic hydrogen atoms from the other two mono-
mers. The existence of two peaks indicates that the aromatic ring of
styrene remains in the final product and no ring opening reaction has
taken place. The peak with a larger chemical shift from zero (10 ppm) is

for the aromatic hydrogen coming from the styrene. The chemical shift
for aromatic hydrogens is usually in the range of 5-7 ppm [41]. The
higher chemical shift here may be attributed by the substation of the
aromatic ring by a large aliphatic chain. Another peak with relatively
lower chemical shift value (2 ppm) is for the aliphatic hydrogens.

To support the 'H NMR analysis, further '>*C NMR was also carried
out. Fig. 3 depicts the '*C NMR peaks for the same PFA emulsion. It also
shows two peaks, confirming the presence of two types of C atoms in
the compound. Similarly, the peak with a large chemical shift in the
region of 120-140 ppm [42] corresponds to the carbon atoms in an
aromatic ring of styrene. The greater chemical shift for aromatic carbon
atom is due to the high electron density on the aromatic ring. The
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chemical shift region of 20-40 ppm corresponds to the aliphatic carbon
atoms. Overall, the >C NMR also supports the result obtained for 'H
NMR in Fig. 2.

Finally, '°F NMR in Fig. 4 shows three peaks at 82 ppm, 122 ppm,
and 128 ppm. These peaks correspond to —CF3;, —CF, and —CF, of
heptafluorobutyl acrylate, respectively, as the group of CF3—CF,—CFo—
[43]. The two —CF, groups will have different peak positions due to
their different surroundings. The peak at 128 ppm corresponds to the
—CF, group that is directly connected to the CF3 group and another
—CF, group. The higher chemical shift is due to the increased interac-
tion with a greater number of fluorine atoms of surrounding CF, and
CF3 group. The peak at 122 ppm corresponds to outer —CF, groups of
the —CF,—CF>—CF3 chain and ultimately the peak at 82 ppm corre-
sponds to the fluorine atoms in —CF3 group. These peaks also integrate
to 3:2:2 respectively for CF5:CF5:CF,, indicating that no other fluorine
groups are present.

From the starting monomers, the possible chain structures formed in
the polymerization are sketched in Fig. 5. According to the FTIR and
NMR analysis results, the most convincing structure is a co-polymer
structure including styrene, acrylic acid, and heptafluorobutyl acrylate.
The number of monomer units in a repeating unit is fixed as expected
from a radical polymerization reaction. Therefore, the schematic
structure of the polymer before crosslinking is proposed in Fig. 6. This is
the schematic repeating unit of the polymer. The fluorine groups are
towards the surface, which may provide the desired hydrophobicity.

3.3. Reaction mechanism
The reactions occur via radical polymerization at 80 °C in a reflux
condenser and the final crosslinking occurs at a temperature of 80 °C in

vacuum oven. A stepwise reaction mechanism is proposed via the fol-
lowing reactions:

(1)

O\/ — j
&
R
R Q OH
T :
@
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Reaction (2) and (3) can be combined and written as follows:
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Potassium persulfate (KPS) in the reactions acts as an initiator. It
dissociates along the —O—O— bond and forms the initiator as shown in
reaction (1). The initiator concentration is important as it directly af-
fects the reaction rate of the radical initiated polymerization [44]. The
decomposition rate of KPS also follows the first order reaction kinetics
and the reaction rate increases at elevated temperature [45]. Also, the
presence of free monomolecular dispersed sodium dodecylsulfate (SDS)
promotes the decomposition of KPS whereas some SDS molecules form
micelle and get adsorbed on the polystyrene particles and hence do not
contribute to the decomposition of KPS [46]. To simplify the reaction
mechanism, only a single unit of the monomer is being used for poly-
merization. The free radical formed by the decomposition of KPS at-
tacks the —C,Hj3 group of styrene and forms another radical as shown in
reaction (2). It attacks the outer carbon atom of —C,H3 group due to
less steric hindrance. The activated styrene then reacts with the outer
carbon atom of C=C of acrylic acid and forms an oligomer of radical of
styrene and acrylic acid depicted in reaction (3). The reaction continues
as the newly produced radical reacts with the C=C of heptafluorobutyl
acrylate. NMR and FTIR results confirm all monomer units are clearly
involved in the co-polymerization. But for a radical polymerization
reaction, random co-polymers are normally formed with varying
number of monomer units.
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3.4. Thermal analysis

Fig. 7 shows the variation of mass change (wt%) and heat flow of
the PFA emulsion (PFA 10.1) as a function of temperature. Initially,
both the heat flow and the mass decrease rapidly as the temperature
increases to 73 °C, attributing to the evaporation of the solvent (e.g.
water). After 73 °C, the heat flow of the sample gradually increases,
indicating the start of curing of the sample, while the mass continues to
decrease and becomes stable after 100 °C. The heat flow of the sample
increases until 120 °C, and then keeps at 0, indicating that no more
reaction occurs after 120 °C. It is suggested that the curing temperature
of the polymer ranges from 73 to 120 °C. The tested polymer cannot be
re-melted and maintains a stable state at a high temperature, reflecting
a thermosetting nature.

3.5. Hydrophobicity of the PFA film

The PFA emulsions containing different fluorine contents were spin
coated on the aluminium substrates. The wettability of the film surface
was quantified by the water contact angle.

Fig. 8 shows the surface wettability of PFA10.1 film versus the
curing temperature. All the curing duration was fixed for 2 h. It is ob-
served that the highest water contact angle is obtained at 80 °C. With
the increase in curing temperature to 120 °C, the water contact angle
decreases to some extent; and the film curing at 180°C led to the
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(c)

(d)

Fig. 5. Possible chain structures formed in the polymerization: (a) co-polymer of Styrene and heptafluorobutyl acrylate, (b) co-polymer of styrene and acrylic acid, (c)
co-polymer of styrene acrylic acid and heptafluorobutyl acrylate and (d) co-polymer of acrylic acid and heptafluorobutyl acrylate. The red balls refer to oxygen
atoms, the yellow respresent fluorine, the white correspond to the hydrogen atoms, and the grey balls are carbon atoms.

contact angle around 112-114°. With the increase of temperature, the
crosslinking rate increases and some of the surface fluorine groups may
be masked by other less hydrophobic groups and hence caused a slight
increase in wettability.

The surface wettability of the films changes drastically with the
molar ratio of HBA as evidenced from Fig. 9. In all the cases, the molar
ratio of styrene and acrylic acid was kept at 1:1, and only the ratio of
HBA was altered. The highest water contact angle 121 °C was achieved
when the molar ratio of HBA was 0.75. All the films were cured at 80 °C
for 2h. When the ratio of HBA was 0.5, the concentration of HBA
seemed to be too low to offer a better hydrophobicity. However, when
the molar ratio of HBA reached to 1 or 2, the water contact angle also
dropped slightly, which may be attributed to the oversaturation of the
surface. The atomic percentage of fluorine in the PFA film gradually
increases from 26.0% to 34.0% when the ratio of HBA increased from
0.75 to 2. It is observed that once the HBA/styrene molar ratio reached
0.75, more HBA did not lead to the further increase of surface hydro-
phobicity, and slight reduction of WCA was observed at HBA/styrene
molar ratio of 1 and 2. The surface roughness Ra of the PFA films was
measured. It is found that initially the average surface roughness Ra
rises from 0.216 ym to 0.236 ym when the HBA/styrene molar ratio
increases from 0.5 to 0.75. With further increase in HBA ratio to 1 and
2, the average surface roughness Ra slightly decreases to 0.224 and

0.220 um, respectively. As surface hydrophobicity depends on both
surface roughness and surface energy, the decrease of WCA at higher
HBA/styrene ratio is attributed to the small reduction of surface
roughness.

3.6. Ice adhesion strength of the PFA film

The ice adhesion strength of the PFA films was evaluated by the
centrifugal method. Fig. 10 shows the variation of ice adhesion strength
of the glaze ice attached on the sample surface measured at —10 °C.
Lower ice adhesion strength is a desirable requirement for de-icing
operation. The average ice adhesion strength is dependent on equili-
brium contact angle (6,) by the variable of 1 + cos6, [42]. Thus, with
increasing hydrophobicity, low ice adhesion strength can be obtained.
The result indicated a clear decrease in ice adhesion strength from
146 KPa to 44 KPa when the aluminium substrate surface was covered
with a PFA film. By comparing the surface roughness and fluorine
content of both PFA films, it is suggested that the decrease of ice ad-
hesion strength is mainly contributed from the increase of the fluorine
content in the PFA film. The heptafluorobutyl group of the polymer
provides lowered surface energy, offering reduced bonding strength
with ice.
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Fig. 6. (a) 2D and (b) 3D chain structures of the synthesized co-polymer prior to
cross-linking. The red atoms refer to oxygen atoms, the yellow represent
fluorine, the white correspond to the hydrogen atoms, and the grey balls are
carbon atoms.
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Fig. 7. Variation of mass change (wt%) and heat flow of PFA emulsion (PFA
10.1) with increasing temperature.

4. Conclusions

A two-step process of synthesizing styrene-based co-polymer emul-
sion has been developed, and hydrophobic polyfluoroacrylate films
have been deposited by spin coating process. The co-polymer is syn-
thesized via radical polymerization of styrene, acrylic acid, and hep-
tafluorobutyl acrylate resulting in the formation of random co-polymer
structure. The curing of the synthesized polymer could occur at a re-
latively low temperature (80 °C). The polymer film with relatively low
surface roughness shows good hydrophobicity with a water contact
angle up to 121°. The atomic ratios of carbon, fluorine, and oxygen in
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1l

Fig. 8. Surface wettability versus curing temperature of PFA 10.1.
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Fig. 9. Surface wettability of the film versus the molar ratio of heptafluorobutyl
acrylate.

150

=
o
o

) 3

Ice Adhesion Strength (KPa)

PFA 10.2 film
Samples

PFA 10.1 film
Samples

Aluminium reference

Fig. 10. Ice adhesion strength of the coating samples and aluminium reference
at —10°C.

the PFA films vary with HBA/styrene molar ratio of the starting
monomers. The fluorine content in the polymer increases with in-
creasing concentration of HBA, which affects both surface hydro-
phobicity and icephobicity. Ice adhesion test shows that the PFA film
has clearly reduced ice adhesion strength as compared to the uncoated
reference. And the ice adhesion strength of the PFA films decreased
with the increase of the fluorine content.
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