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ABSTRACT: In the present work, perfluoroalkylated laponite nanoparticles with a high degree
46 of functionalization (60 wt%) have been prepared and a methodology to prepare transparent,
48 antistatic and omniphobic laponite-based films with holistic self-cleaning properties against
liquids, solids and liquid-solid mixtures has been developed. The intrinsic electrical and ionic
53 conductivities observed in unmodified laponite coatings are combined with perfluoroalkyl-
95 modified laponite clays. As a result, films with improved self-cleaning functionality based on

58 dust-repellency and omniphobic liquid-repellence (sheet resistance in the range of 10’ ©/o and
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contact angles of 106° (H,O) and 93° (oil)) were obtained. These unique films, being capable to
repel dust and liquids, were applied to a variety of substrates (i.e. glass and plastics) and tested
against solids and liquids of different nature with excellent performance. Bending tests of these
holistic self-cleaning films deposited over flexible substrates showed better mechanical

performance than unmodified laponite films.

1. INTRODUCTION

Self-cleaning coatings have attracted recently a great recognition in research and industry, due to
their great importance for numerous commercial applications, facilitating the daily life of the
society and saving time and money by enabling novel and improved products and technologies.'”
* The concept of engineering self-cleaning surfaces is inspired by nature, typically by adapting
examples from flora and fauna. In both natural and engineered systems, the presence of water is
essential. Namely, water droplets roll along a non-wetting surface, thereby collecting dirt
particles and consequently cleaning the surface along their path.””” However, hydrophobic or
superhydrophobic surfaces (water contact angles greater than 150° and sliding angles below 10°)
do not provide a self-cleaning response in dry conditions or with liquids dissimilar to water. As a
consequence, droplets of liquids with low surface tension, such as oils or organic solvents,
remain pinned to the surfaces, causing an unaesthetic and stained appearance. Omniphobic
surfaces are defined as surfaces with the ability to repel liquids, regardless their chemical nature,
polarity, or surface tension, hence unifying hydrophobic and oleophobic® characteristics.’"!
Engineered omniphobic surfaces ideally will repel any kind of liquid and thus remain cleaner

than either of the conventional hydrophobic or oleophobic surfaces. However, the self-cleaning
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concept applies only partly to omniphobic surfaces, since the concept it is limited to surfaces that
allow rolling droplets and does not provide any self-cleaning response when the surfaces are

covered by dust in dry conditions.

An alternative approach to avoid dust accumulation relies on the reduction of the electrical
surface resistance, leading to antistatic characteristics, thereby diminishing the dust attraction to
the surface.'*"” Great efforts are invested in developing antistatic dust-repellent coatings for
applications in industrial sectors such as automotive, construction or photovoltaics. Antistatic
coatings are also implemented by the industry to elude charge accumulation and dramatic

. . . . . 14.15
discharges producing dangerous sparks, which may cause equipment failures or fires. ™

However, dust-repellent surfaces have rarely been studied in view of omniphobicity for
providing full self-cleaning characteristics and avoiding accumulation of dust and liquids.
Indeed, to the best of our knowledge, there are no reports on holistic self-cleaning approaches
based on such unique combination. Laponite nanoparticles, a synthetic type of silicate nanoclay
in the smectite family, show great promise for achieving this holistic approach for the following
reasons: 1) laponite particles have intrinsically ionic and electrical conductivity, which could
induce antistatic and dust-repellency effects; 2) like other clays, laponites can be flexibly
modified through functionalizing the accessible hydroxyl groups,'® and silanized with
omniphobic and fluorinated groups; 3) laponite nanoparticles are easily dispersed in solvents,

16,17

such as water, " and processed to homogeneous and continuous films by conventional coating

methods such as casting, bar-coating, dip-coating, or blade-coating'® and finally, 4) laponite

19,20

films are typically highly optically transparent. Further properties of laponite coatings

include corrosion protection of metals, by preventing the contact of various species, such as

water and ions with the metal substrate.?!*?
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In this paper, laponite nanoparticles are modified with perfluorinated pendant groups. The
physico-chemical properties of the modified laponites are characterized and correlated to the
electrical sheet resistance and omniphobic response. Furthermore, innovative coatings (i.e. based
on a controlled mixture of unmodified and modified laponites) with dual-action, anti-dust
accumulation and liquid repellence, are proposed for a holistic approach with a threefold active

self-cleaning response against liquids, solids and liquid-solid mixtures.

2. EXPERIMENTAL SECTION
Materials

Laponite grades XLG and JS from Rockwood Additives Ltd. were kindly provided by Azelis and
Comindex, respectively. Laponite is a uniform disc-shaped synthetic clay with disc diameters of
25 nm and thicknesses of 1 nm. 1H,1H,2H,2H-perfluorooctyltriethoxysilane 97% was acquired
from abcr GmbH. Ethanol absolute was purchased from Sigma-Aldrich. All chemicals were used
as received. Deionized water with a conductivity < 1 uS was used in all experiments. Glass
substrates with 1 mm thickness were obtained from Deltalab S.L. with reference D100001 and
cut into 25 x 25 mm squares. PVC substrates with thicknesses of 180 um were acquired from

Fellowes and cut into 25 x 25 mm squares.
Synthesis of perfluoalkylsilanized-modified laponites

The general procedure for the silanization of laponites has been described previously by other
authors;”** however, the methodology was modified and adapted to our materials and target

product. To a 100 mL round-bottomed flask with 25 mL of deionized water, Laponite XLG (1 g)
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was added in small portions under vigorous stirring until full dispersion of the solid was
achieved. After 1 h of stirring, 25 mL of absolute ethanol was added to the clear dispersion,
followed by the addition of 1H,1H,2H,2H-perfluorooctyltriethoxysilane (1.77 mL). Upon silane
addition, the solution turned cloudy and was allowed to stir at 50 °C for further 16 h. The cloudy
white dispersion was collected in centrifuge tubes and centrifuged at 3500 rpm for 20 min. The
supernatant was decanted and the remaining gel collected and dispersed again in a mixture of
50% ethanol/water. The centrifuge procedure was repeated to remove all unbound material.
Finally, the collected gelled clay was redispersed in a total volume of 25 mL of a mixture of 50%

ethanol/water, leading to a 4% (w/v) dispersion based on the initial laponite amount.

Substrate preparation

Before use, the glass substrates were immersed in warm acetone, cleaned with soap and rinsed
with deionized water in that sequence. PVC substrates were cleaned with soap, rinsed with
deionized water and activated using a nano Dieder plasma system, consisting of a RF signal
generator (40 kHz, 200 W). The PVC substrates were exposed to a vacuum of 0.3 mbar before

treatment with oxygen plasma during 60 s at 90% power to promote adhesion.

General procedure for the film fabrication

Films were prepared by processing the corresponding solution through a bar-coating
methodology as depicted in Figure 1. The films were prepared by placing the substrates in the
bar-coating equipment (Sheen 1137-G-MAN automatic film applicator) and applying the
corresponding solution using a rod-shaped 100 um size wire coil bar at a speed of 50 mm/s at
room temperature. After the solution was spread over the substrate, the obtained films were dried

in an oven at 80 °C during 1 h.
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Fabrication of unmodified-laponite films with antistatic functionality

In a 50 mL flask with 25 mL of deionized water, 700 mg of laponite XL G were added in small
portions under vigorous stirring. Once the solid was completely dispersed, 300 mg of laponite JS
were added in the same manner. The solution turned cloudy. After stirring for 3 h, the solution
became clear and a 4% (w/v) XLG:JS (7:3) laponite dispersion, based on the total weight of
laponite, obtained. The aqueous laponite dispersion was aged for 2 weeks. The laponite mixture
and aging was performed in order to reach a suitable viscosity (circa 8000 cP, shear rate 2.2 s™)

before processing through a bar-coating technique, following the general procedure.
Fabrication of holistic multifunctional laponite films

For the preparation of multifunctional laponite films with self-cleaning synergetic functionalities,
a multifunctional laponite mixture 4% (w/v) was initially prepared. Hence, 7 g of the laponite
XLG:IS (7:3) 4% (w/v) dispersion from the unmodified laponite solution were taken and mixed
with 3 g of the 4% (w/v) perfluoroalkylsilanized-modified laponite solution. The obtained
mixture was applied to the substrates through a bar-coating technique following the general
procedure. For convenience, the films obtained from the latter mixture are named

“multifunctional” throughout the remainder of the manuscript.
Modified laponites and thin film characterization

Fourier transform infrared spectra (FT-IR) of the solids were obtained applying the Attenuated
Total Reflectance (ATR) technique with a Jasco 4100 FTIR. The spectra were recorded in the

range between 400 cm-1 and 4000 cm-1.
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Thermal gravimetric analysis (TGA) was carried out on a TA instruments Q500 thermobalance.
Samples were heated at a rate of 10 °C/min from ambient temperature to 700 °C under a nitrogen

flow of 60 mL/min.

Morphological properties of the film were analyzed using ULTRA plus ZEISS field emission

scanning electron microscope (FE-SEM).

UV-vis spectra were obtained in transmission/absorption mode with a Jasco V-570
spectrophotometer using air as background. The spectra were recorded between 300 nm and 800
nm using a film holder accessory for solid samples. Reflectance was measured in the same

wavelength range using an integrating sphere Jasco ISN-470.

Sheet resistance of the films was measured at atmospheric pressure and room temperature
conditions using a Keithley Semiconductor Characterization System 4200-SC with a four-point

probe.

KSV CAM 200 Optical contact angle meter was used to determine the static contact angles of
the films. Solvent droplets were placed at a minimum of three different areas of each surface.

The static contact angles were recorded using the Laplace-Young fitting method.
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Figure 1. Schematic illustration of the preparation procedure of multifunctional films with self-

cleaning response, repelling liquids and dust particles.

3. RESULTS AND DISCUSSION
Perfluoroalkylsilane-modified laponites

Each laponite nanodisc is known to have an overall negative charge of approximately 700
electron charges,” which very effectively facilitate the nuclear substitution at the
perfluoroalkylsilane to generate new O-Si bonds during the laponite modification process.
Qualitative evidence of the modification was provided by Fourier transform infrared
spectroscopy (FTIR). The FTIR spectrum of bare and modified XLG laponite is shown in Figure

2. It is worth noting that the FTIR spectrum of modified laponite showed a clear overlap with the
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bare laponite and the silane reagent peaks. According to similar assignments in earlier studies,
vibrations of the modified laponite XLG at 651 cm™ and 963 cm™ can be attributed to bending
and asymmetric stretching of Si-O-Si bonds. Bands between 1000 - 600 cm™ are likely due to C-
C stretching modes. The presence of C-F groups is obvious from the intense absorption peak
around 1058 cm™'. Characteristic bands of CF, and CF; were found at 1193 cm™ and 1142 em™.
Furthermore, similar conclusions were drawn from the FTIR analysis of modified laponite JS

(Figure S1).
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Figure 2. Infrared spectra of unmodified laponite XLG (black), 1H,1H,2H,2H-

perfluorooctyltriethoxysilane modified laponite (red) and 1H,1H,2H,2H-

perfluorooctyltriethoxysilane (blue).

To gain more insight into the bonding character after the modification process,
thermogravimetric analysis was used to determine the amount of silane covalently anchored to
the laponite nanodiscs. Figure 3 shows the TGA curves before and after the laponite

modification with the silane reagent. The samples were subjected to continuous heating up to
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700 °C, ramped with 10 °C/min. The thermogram of modified XLG laponite exhibited three
main decomposition regions. The first region ranged from room temperature to 250 °C, which
likely corresponds to water elimination and hydroxyl decomposition. The third region ranged
from 550 °C to 700 °C, where no major processes seem to occur. The intermediate, second
region between 250 °C and 550 °C, is the range where the thermal decomposition of the
covalently attached silane moiety was expected, and was thus considered for the quantification of
the laponite modification. Remarkably, a high degree of organic functionalization was achieved
with circa 60% of the overall particle weight. This high degree of functionalization is of great
interest as it may induce strong omniphobic characteristics provided by these particles, which
will be explained later in this study. The observed silane modification ratio greatly outperforms
similar modification of other range of laponite (RD nanodiscs) previously reported in the
literature, which reached approximately 13% after functionalization with perfluorooctylsilane.?
Also further similar studies with various silane groups for laponite functionalization with diverse
aims showed organic functionalization ranging from 5 to 17% of the overall weight.”***’
However, omniphobic functionalization of Si0,™ or TiO,*~*° nanoparticles in a similar approach
to the work described in this study has yielded functionalization of approximately 10% and 20%
of the particle weight. The large physical surface of laponite of about 900 m?/g,*' the strong
nucleophilic character of laponite XLG nanodiscs, resulting from a large concentration of
hydroxyl and oxygen atoms, and the more severe synthesis conditions employed in this study
may serve as explanation for our results. Thermal gravimetric analysis of unmodified laponite
XLG clay expectedly did not show any silane-related feature. A weight loss of 10% was detected
upon heating of the unmodified laponite to 150 °C, which is mainly due to the presence of water

molecules. The lower weight loss detected for functionalized laponite in the same temperature
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range anticipates hydrophobic character of those. Similar silanization of laponite JS (Figure S2)
was performed and showed rather modest values of about 20% of functionalization. This finding

suggests that the absence of pyrophosphate groups in laponite XLG is favorable for a

O©oOoONOOPAWN =

11 quantitative modification of laponites.

14 105
15 S — X
16 |

85 +

754

65

Weight loss (%)

55

Unmodified Laponite XLG

24 45 -
] Modified Laponite XLG

26 35 T T T T T T T
0 100 200 300 400 500 600 700

o8 Temperature (°C)
29 0.5

Unmodified Laponite XLG b)
Modified Laponite XLG

0.4 -

0.3 -

0.2

0.1

W
(63}
Deriv. Weight loss (%/°C)

—

—

41 0.0 T L T T T T T
42 0 100 200 300 400 500 600 700

43 Temperature (°C)

Figure 3. a) Thermogravimetric analysis (TGA) of laponite XLG (black), and laponite XLG,
49 modified with 1H,1H,2H,2H-perfluorooctyltriethoxysilane (red); b) first derivative of TGA

51 curves showing changes of weight loss in the unmodified and modified laponites.

Unmodified and multifunctional laponite coatings
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Besides the interesting results observed when laponites are stabilized as colloids in a gel

32,33

state,”””” unmodified laponites are also known as film forming agents with excellent antistatic

and permeation barrier properties. Examples of laponite films in the literature include those

16,18

obtained after slow evaporation of laponite in water dispersions ° or after their addition to resin

. . 22,34.35
emulsion binders.” ™"

Here, the 4% (w/v) ethanolic-aqueous gel mixture obtained after the
synthesis of modified XLG laponite nanoparticles was processed into films using a bar-coating
application with a 100 um cylindrical bar. The resulting films were hydrophobic with a contact
angle of 110°. However, the obtained perfluoroalkylsilane-modified laponite films were not
electrically conductive. The most likely reason is the quantitative functionalization of the
laponite clays, which blocks the electrical charge transport and distorts the interlinked and

20 e e . .
31 In order to overcome this limitation, which

overlapping arrangement of the laponite platelets.
has a negative impact on the dust-repellent functionality, formulations were made which include
both electrically conductive unmodified laponite and insulating perfluoroalkylsilane-modified
laponite. Indeed, blending with unmodified laponites may not only ensure electrical conductivity
and dust-repellence, but may also pave the way to the formation of films with excellent quality.

Finally, a suitable multifunctional composition was found after mixing unmodified laponites

dispersion and perfluoroalkylsilane-modified laponite XLG 4% (w/v) in a 7:3 ratio.

The obtained films were further characterized regarding their morphology, optical properties,
dust-repellence and omniphobicity performance, and mechanical behavior. Figure 4 displays
representative top-view and cross—sectional FESEM micrographs of the films constituted by
mixtures of unmodified and multifunctional laponites. The films obtained from unmodified XLG
and JS laponites showed no significant microscale features in top-view (Figure 4a) and a layered

stacking structure in cross-section (Figure 4b). A structure conformation in which some layer

ACS Paragon Plus Environment
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stacking may be also inferred, although less obviously than in the unmodified laponite film, was
also detected for the multifunctional films (Figure 4d). Furthermore, some microscale features at

the surface were detected (Figure 4c). Note that films deposited from suspensions of only

O©oOoONOOPAWN =

11 functionalized laponite XLG showed larger density of microscale features and higher porosity
13 (Figure S3), likely resulting from swelling and bubble formation occurred during ethanol

15 evaporation from the laponite dispersion.

Figure 4. FE-SEM micrographs of unmodified XLG and JS laponites in a 7:3 mixture after
39 coating in a) top view and b) cross-sectional view. FE-SEM micrographs of the multifunctional
41 coating (mixture of unmodified and modified laponites) in ¢) top view and d) cross-sectional

44 VIEW.

47 Often the final applications of self-cleaning coatings require some degree of transparency (e.g.
aesthetics products,’>® or solar cells'?). Therefore the UV/visible light transmittance of the films
52 was characterized (Figure 5). Both unmodified laponites and multifunctional laponites coatings
54 were applied to transparent glass substrates through bar-coating and their transparency were

measured. At the first sight, no significant differences in the visible region (approx. 380 — 750

ACS Paragon Plus Environment
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nm) between the two laponite coatings and the bare glass substrate were observed in
transmittance mode. However, a closer look to the spectra reveals that samples having the
multifunctional laponite coating exhibited slightly lower transmittance in the visible, but also a
significant increase in transmittance in the UV range (i.e. below 380 nm). It is worth mentioning
that samples with multifunctional coatings exhibited the lowest reflectance (Figure S4),
suggesting an alteration of the effective refractive index. The latter may be due to the different
chemical nature of the coating, but may also result from changes in the morphology. It is indeed
worth highlighting that enhanced light scattering may occur in multifunctional coatings (i.e.

micro/nanoscale morphological features) (Figure S5).
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Figure S. Total optical transmittance of bare glass (black), glass coated with unmodified XLG

and JS laponites in a 7:3 ratio (red), and glass with the multifunctional coating (blue).

One of the characteristics of these coatings is their capacity to perform as antistatic agents, which
relies on the intrinsic electrical and ionic conductivities of laponites. Therefore, the electrical
conductivities of unmodified and multifunctional laponite coatings were measured. Any

electrical contribution in the measurements that may be originated from the substrate was
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avoided by applying coatings to blue PVC sheets and glass substrates. The PVC substrate is
characterized as dielectric material prone to static charges. The electrical sheet resistance values
are depicted at Table 1. All coated PVC substrates had a sheet resistance in the rage of 10° and
107 ©/o and the uncoated PVC substrate used as reference had a sheet resistance above 10" Q/o.
Note that films with sheet resistances between 10° Q/o and 10> Q/o generally may allow
dissipation of electrical charges within milliseconds.’” Thus, both unmodified and
multifunctional laponite coatings should have antistatic characteristics and may exhibit dust-

repellence feature.

Table 1. Sheet resistance of bare and laponite-coated substrates.

Coating PVC (Q/D) Glass (/D)
Bare substrate > 5x10" 2.3+0.3x10"
Unmodified

- 9.0£1.0x10°  3.5+0.5x10’
laponites

Multifunctional  3.0£0.2x10"  1.2+0.1x10®

The dust attraction test confirmed these assumptions. Figure 6-a shows photographs of bare PVC
substrates and PVC substrates coated with both types of laponite mixtures, that is, the
unmodified XLG:JS laponite mixture and the modified multifunctional laponite coating. The
uncoated and coated samples were placed inside a box with a holed lid and carbon black dust
inside. Through the orifice, air was blown into the box with a pressurized gun in order to
generate a carbon black cloud inside the box. After 30 seconds of air blowing, the samples were
removed and examined. The two laponite coatings (antistatic/unmodified and multifunctional)
exhibited similar behavior, with only small amounts of carbon black dust remaining attached to

the surface. In contrast, the bare PVC sample was significantly covered with carbon black dust.

ACS Paragon Plus Environment
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These results showed that the coated samples with a lower electrical sheet resistance are more

favorable to evade dust accumulation.

The static contact angles of uncoated PVC and PVC coated with unmodified or multifunctional
laponites were measured as a qualitative indicator to evaluate the liquid repellence functionality
(Table 2). Uncoated PVC showed very oleophilic character, with modest values of contact angles
against organic oils, mineral oils and hexadecane. As expected from its hydrophobic polymeric
nature, it showed a water contact angle of 90°. The unmodified laponite coating did not improve
the oleophobic character of the bare PVC substrate, but a significant reduction of the water
contact angle was observed. The ionic nature of laponite clays increased the water affinity of the
coating. The multifunctional coatings, in contrast, showed contact angle values with a significant
improvement over both bare PVC and unmodified laponite coatings. The —CF,— and —CF3 groups
contained in the introduced silanes enhanced the omniphobic character by reducing the surface

free energy, thereby increasing the static contact angle values (Table 2).***

Table 2. Static contact angles observed for bare PVC, unmodified XLG and JS laponites in a 7:3
ratio mixture coating, and multifunctional coating (mixture of unmodified and functionalized

laponites) for various liquids.

Liquid Bare Unmodified Multifunctional
PVC laponites coating
Water 90«£1° 19+1° 106+1°
PAOY 28+2° 27+1° 93+2°
e O asere 253 88+3°
Hexadecane 25+2° <10° 64=£1°

ACS Paragon Plus Environment
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1
2

2 The results show that good repellence against polar solvents, such as water, and non-polar and

5

6 organic oils, such as polyalphaolefin (PAO 9), is achieved with the multifunctional coatings. For
7

g further organic solvents, such as hexadecane, the static contact angles were more discrete. This
1? can be explained by the low surface tension of hexadecane (27.4 mN/m) versus water (72.8

12

13 mN/m).* However, the contact angles for hexadecane obtained from the multifunctional

14

12 modified laponite coatings are in good agreement with literature values obtained from

1; fluorinated bulk materials,”' or even significantly higher than those obtained by other approaches
19

20 with non-hierarchical morphology surfaces modified with low surface energy materials,***** or
21

gg infused liquid surfaces.** The evidence shows that the presence of unmodified laponites in the
24

o5 multifunctional coating formulation has no negative impact on the contact angles. This behavior
26

27 is further supported by the surface energy measured for the different surfaces and coatings. As
28

gg expected, the multifunctional coating showed the lowest value (12.05 mN/m) in contrast to the
31

32 antistatic laponite coating (64.08 mN/m) and bare PVC (39.03 mN/m) values. Further data can
33

34 be found in Table S1.

35

36

g; To assess the self-cleaning performance of both laponite coatings, the bare PVC sample and the
39

40 two coated PVC samples (XLG:JS unmodified laponite and multifunctional laponite) were

41

jg placed in two oil tanks. The first oil tank contained tinted PAO 9 oil (Figure 6-b) and the second
44 . . . . .

45 tank mineral oil (GIII) with suspended carbon black dust in order to simulate an aged oil

46

47 composed of oil and solid particles (Figure 6-c). The excellent self-cleaning response of the

48

gg multifunctional coating when subjected to both oils can be observed in Movie S1 (tinted PAO 9
51

52 oil) and Movie S2 (mineral oil with carbon dust particles). Despite showing modest dynamic

53

54 contact angles and hysteresis results (Table S2), the surface of the multifunctional coating

55

gs repelled the oil and the stains within seconds, while the bare PVC and unmodified laponite

58

59

60

ACS Paragon Plus Environment
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coating remained covered by oil after the test. The dust- and liquid-repellence holistic
functionalities indicate that the modified multifunctional coatings are well suitable for a use as
self-cleaning coatings, since they avoid any kind of dirt accumulation, including dust particles,
liquids of different nature and a combination thereof. This is advantageous over other systems,
where the self-cleaning concept is based exclusively on liquid repellence, by allowing water

droplets to carry the dirt off of the surface along the rolling droplet path.*>*

a)

Figure 6. a) Dust repellence tests against carbon black powder of i) bare PVC; i1) unmodified

laponites mixture, and ii1) multifunctional coating; b) Oil self-cleaning test of 1) bare PVC; ii)
unmodified laponites mixture and iii) multifunctional coating; ¢) Oil and carbon black mixture
self-cleaning test of 1) bare PVC; i1) unmodified laponites mixture and ii1) multifunctional
coating. In b) and c) red arrows indicate the presence of immersion marks after being immersed

in the oil tanks.
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In order to evaluate the mechanical stability of the coatings, coated PVC samples were subjected
to bending tests and their liquid-repellence behavior was investigated thereafter. As seen in Table

3, water contact angles for both coatings (unmodified XLG:JS laponite and multifunctional)

O©oOoONOOPAWN =

11 remained unaffected after the tests. However, the coating was studied more in depth by electron
13 microscopy after the bending tests and the damage resulting from bending was evaluated. Figure
15 7 shows that the unmodified laponite coating gained clear fissures. In contrast, the

18 multifunctional coating did not show any fissures, but some folding lines along the bending axis.
20 It is clear that the less ordered stacking character of the multifunctional coating, as seen in the
cross-sectional micrograph in Figure 4, prevents fracturing during manipulation, thereby

o5 increasing the plasticity and temporal stability of the coating.

28 Table 3. Water static angle values for unmodified laponites and multifunctional coatings over a

PVC flexible substrate after a series of bending tests.

34 Coating 0 bending cycles 2 bending cycles 20 bending cycles 100 bending cycles

36 Unmodified

37 laponites 20+1 1942 20=+1 20+2

39 Multifunctional 106+1° 108+2° 107+2° 105+3°

43 \ Y
44 , \ Lt
45 = =

53 Figure 7. a) Bending of a blue PVC flexible substrate with a 100 pum thick multifunctional
95 coating. b) FE-SEM images after 100 bending cycles of: 1) unmodified laponite showing fissures

58 and i1) multifunctional coatings showing folding lines.
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4. CONCLUSIONS

Innovative coatings with dual-action, anti-dust accumulation and liquid repellence, are proposed
for a holistic approach with a triple active self-cleaning response against liquids, solids and
liquid-solid mixtures. We demonstrated a pathway to tune the hydrophilic laponite into
omniphobic films simply by blending raw laponite particles with a certain amount of a highly
perfluoroalkylsilanized laponite clay (e.g. 7:3). The resulting mixture allowed us to deposit
multifunctional coatings with holistic self-cleaning functionality based on omniphobicity and
reduced dust-attraction properties. This is a step beyond classical omniphobic approaches, where
only repellence towards liquids has been shown. Employment of a low processing temperature
and a water-based formulation have been successfully demonstrated in order to obtain such
holistic self-cleaning coatings, which opens wide opportunities for applications in numerous

sectors, including electronics, automotive, architecture, furniture protection or decoration.
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Figure 6. a) Dust repellence tests against carbon black powder of i) bare PVC; ii) unmodified laponites
mixture, and iii) multifunctional coating; b) Oil self-cleaning test of i) bare PVC; ii) unmodified laponites
mixture and iii) multifunctional coating; c) Oil and carbon black mixture self-cleaning test of i) bare PVC; ii)
unmodified laponites mixture and iii) multifunctional coating. In b) and c) red arrows indicate the presence
of immersion marks after being immersed in the oil tanks.
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Figure 7. a) Bending of a blue PVC flexible substrate with a 100 pm thick multifunctional coating. b) FE-
SEM images after 100 bending cycles of: i) unmodified laponite showing fissures and ii) multifunctional
14 coatings showing folding lines.
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