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  1   .  Introduction 

 Biodiversity in nature resulted from millions of years of evolu-
tionary processes through which materials with different struc-
tures and morphologies were developed. [  1  ]  For plants, the key 
of survival and expansion was the multifunctional boundary 
(plants cuticle) which provides specifi c surface properties such 
as radiation, protection, controlled wettability, temperature con-
trol, or anti-adhesive properties. [  1,2  ]  Functional coatings have 
very much in common with this boundary structure, as they 
are meant to protect the under layers and provide specifi c inter-
actions with the surrounding environment, for instance, con-
trolled wettability, response to temperature or light stimulus, 
anti-fouling, or self-cleaning properties. [  2,3  ]  It is then no wonder 
that nature examples, like the waxy and structured surface of 
the Lotus leaves, [  4  ]  have been the natural source of inspiration 
for functional surfaces which rely on well-defi ned surface chem-
istry and topography, [  5  ]  for example, superhydrophobic coatings. 

 However, most of the functional surfaces currently available 
can be easily damaged by routine use, resulting in the immediate 
loss of the chemical functionalities, surface–structure 

and related chemical/physical proper-
ties. This irreversible loss reduces the 
materials service-life time and increases 
the energy and costs involved in mainte-
nance and repair. Hence, the investiga-
tion of robust structured-surfaces, which 
are able to withstand daily usage for a 
longer period of time, is critical for the 
sustainable development of advanced 
materials. Although many efforts have 
been made towards durable and robust 
functional surfaces, [  6–8  ]  damage and wear 
will always be unavoidable. Thus, a prefer-
able approach is the introduction of self-
repairing mechanisms [  9,10  ]  to prevent early 
failure or lowering of the materials perfor-
mance along their life-time. 

 Many mechanisms and strategies have 
been reported for recovering mechanical properties and bulk 
damage; [  11–13  ]  however, only a few focus on the recovery of sur-
face properties or functionality, in particular when they also 
depend on the topography. [  14,15  ]  One of the most promising 
approaches recently investigated consists of the repair of the 
surface chemistry on regenerated topographies. [  14,16  ]  Li et al. [  17  ] , 
for instance, prepared superhydrophobic porous polymer coat-
ings by a chemical vapour deposition (CVD) method, which 
recover low surface energy components on damaged surfaces, 
upon adsorption of water and via the migration of fl uoro-alkyl-
silanes previously impregnated. In fact, the few self-healing 
strategies reported for surface-functionalities rely on desorp-
tion or migration of low surface energy components previ-
ously adsorbed/deposited by CVD on porous materials into the 
damage loci. Moreover, in the majority of the cases a triggering 
stimulus, such as temperature or moisture, is required to ini-
tiate the healing, as recently pointed out in a review by Xue 
and Ma. [  6  ]  

 In this work, we report robust superhydrophobic coat-
ings which recover spontaneously their surface chemical 
composition on new structured-surfaces, self-recreated 
upon damage ( Scheme    1  ). These coatings are prepared from 
an all-in-one dispersion by a simple drop-cast method. For 
these systems, the surface repair occurs at room tempera-
ture, using intrinsic elements of the coatings, all covalently 
bonded, which affords a very robust fi lm. The current work 
reveals the way to design a new generation of self-healing 
functional coatings which are accessible through typical 
coating processing methods, with different thicknesses, on 
various substrates.   
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(Scheme  1 , 2) which was reacted with the 
isocyanate cross-linker, at moderate tempera-
tures and short time periods (see the Experi-
mental Section for details). The low surface 
energy was achieved via the fl uorine-termi-
nated dangling chains containing a hydroxyl-
terminated poly(caprolactone) spacer, also 
reacted with the cross-linker (Scheme  1 , 1). 

  2.1   .  Dual-Scale Structured Coatings 

 An all-in-one dispersion containing the dual-
size SiO 2  nanoparticles, the polymers and the 
cross-linker was prepared in  N -Methyl Pyrro-
lidone (NMP) with a determined solid content 
(75 total wt% of SiO 2  in relation to the total 
solid content). The components have by nature 
distinct properties: hydrophobic (fl uorinated-
segment) versus hydrophilic (silica particles 
and caprolactone segments). To promote the 
homogenous distribution of all the compo-
nents, several pre-cross-linking steps of the 
particles and polymer components were per-
formed (see Experimental Section). The fi nal 
dispersion was directly drop-casted on clean 
glass substrates and thermally treated for 

60 min at 80 °C for cross-linking (typical thickness targeted ≈150 
 μ m). 

 To tune the surface chemical composition and topography, 
several dual-structured coatings were investigated. Reference 
coatings without nanoparticles were also prepared and charac-
terized (see  Table   1 ).  

 The morphology of the coatings was fi rst investigated by 
scanning electron microscopy (SEM). In all the coatings the 
dual-size nanoparticles were homogeneously distributed 
through the bulk ( Figure    1  a) and also organized on a protu-
berant layer at the air-interface, in a raspberry-like morphology 
(Figure  1 b and inset). The topography of the coatings was fur-
ther evaluated by atomic force microscopy (AFM) which clearly 
showed a dual-scale roughness on the micrometer and nano-
meter range ( Figure    2  a).   

 The surface chemical composition was investigated by X-ray 
photoelectron spectroscopy (XPS) (Figure  2 b). For all the coatings, 

  2   .  Results and Discussion 

 The preparation of the dual-structured coatings took in consid-
eration our previous fi ndings on polymeric self-replenishing 
coatings, [  18  ]  and three main design principles were put forward: 
1) to chemically bond all the components providing a robust 
coating and avoid leaching of the self-healing elements, 2) to 
maintain suffi cient low surface energy dangling chains at the 
surface but also in the bulk, allowing repetitive replenishing 
events, and 3) to distribute homogeneously suffi cient nano-
particles in the bulk-network, for topography recreation. The 
dual-scale topography was built via chemically bonded silica 
nanoparticles of two different sizes to a cross-linked polymer 
network [  18  ]  (Scheme  1 a). The low surface energy was provided 
by fl uoroalkyl-terminated polymeric dangling chains, tethered 
to the cross-linked polymer network (Scheme  1 b, 1). When the 
surface is damaged, the particles homogeneously dispersed in 
the bulk provide a new topography. Driven by differences of 
energy between the new surfaces and the bulk, the dangling 
chains of the polymer layer embedding the particles, spontane-
ously re-orient towards the new air interfaces, recovering the 
surface chemical composition (see Scheme  1 a–c). 

 The SiO 2  nanoparticles used were synthesized within two 
size ranges D̄1 ≈ 700   nm and D̄2 ≈ 70   nm, as measured by 
dynamic light scattering (DLS). The larger particles were modi-
fi ed with amino-propyltriethoxysilane (APTES) to provide a 
better adhesion between particles and polymer. The amino 
and hydroxyl surface groups were used for chemical bonding 
via reaction with a tri-isocyanate cross-linker (Scheme  1 b, 3), 
forming urea or urethane bonds, respectively. The cross-linked 
network consisted of a hydroxyl-terminated poly(caprolactone) 
precursor with controlled degree of polymerization (DP = 24) 

         Scheme 1.  Self-replenishing of surface-structured superhydrophobic coatings: a) dual-
structure obtained with dual-size silica nanoparticles; b) chemical components of the 
cross-linked polymer network, 1) perfl uorinated-dangling chains (Rf8PCL x ;  x  = CL units), 2) 
poly(caprolactone) precursor (TMP-PCL y ,  y  = 3 x  CL units), and 3) tri-isocyanate cross-linker 
(t-HDI); c) damaged surface; and d) recovered chemical composition at the new topographic 
surface, created by the damage. 

 Table 1.   Description and characterization of the coatings prepared with 
dual size nanoparticles DLS average diameter, ̄D1  ≈ 700 nm and ̄D2  ≈ 70 nm), 
and with Rf 8 PCL 16  dangling chains, before intentional surface damage .

Coating with raspberry 
dual-size (D̄1  andD̄2  ) SiO 2  
nanoparticles (75 wt%) a)   

Overall wt% 
Fluorine*  

Water CA adv  
[°] ± 2  

Water CA 
hysteresis 

[°] ± 2  

DC0  0  73  15  

DC0.65  0.65  151  13  

DC1  1  147  9  

DC1.5  1.5  136  21  

DC2  2  137  23  

    a) In relation to the total amount of solid contents.   
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units (Rf 8 PCL 16 ) on coatings with 0.65 wt% of F ( Figure    3  a). These 
results are in agreement with previous experimental-simulation 
studies on polymer coatings, [  18,20  ]  where the optimum found for 
the CA was attributed to the most favorable positioning/orienta-
tion of the fl uorinated-dangling chains at the fi rst air-interface.  

 For coatings prepared with the smallest wt% of F (0.65 wt% 
of F in total solid content corresponds to an equivalent of 
2.5 wt% of F in a coating without particles), the dynamic water 
CA of the initial surfaces were already in the superhydrophobic 
range (Figure  3 b). At higher concentrations, no signifi cant 
increase was observed. In fact, a small decrease of the CA adv  was 
registered, indicating a possible entrapment of the fl uorinated-
dangling chains in the bulk of the coating. The CA hysteresis at 
the fi rst air-interface formed is however, relatively high (20–25°) 
for all the coatings, indicating that they are rather closer to the 
high adhesive superhydrophobic regime, as described by Jiang 
and co-workers. [  21  ] . The importance of the dual-scale hierarchical 
roughness to achieve the stable Cassie-Baxter superhydrophobic 
state has been largely discussed, [  22  ]  and the permanent entrap-
ment of air into the asperities has been identifi ed as a critical 
factor. [  23  ]  In our coatings, the high CA hysteresis is most likely 
the result of two possible effects: 1) poor ability to entrap air into 
the nanometer-scale roughness which leads to pinning of the 
water fi lm into the raspberry-like structures; [  24,25  ]  and 2) rapid 
rearrangement of the hydrophilic caprolactone segments upon 
contact with water, as previously reported by us [  20  ]  and others. [  26  ]  

atomic O1s, C1s, Si2p, and F1s were present at the surface. [  19  ]  
Furthermore, by the deconvolution of the C1s peak fi ve carbons 
with different environments (Figure  1 d, inset) where identifi ed: 
CF 3  (294.3 eV), CF 2  (291.8 eV), C=O (288.9 eV), C–O (286.3 eV) 
and C–C/C–CH (284.8 eV). [  19  ]  These combined results provide 
a clear confi rmation of the presence of silica nanoparticles and 
fl uoroalkyl-dangling chains at the top 10 nm layer of the coating, 
respectively (surface probed with a take-off angle of 0°). 

 The concentration of the fl uorinated species and the pres-
ence of a polymeric spacer in the dangling chains are critical 
parameters for the self-replenishing effect. [  18,20  ]  In the cur-
rent system, the presence of nanoparticles and extra interfaces 
during the cross-linking could possibly impart spatial restric-
tion to the movement of the components, infl uencing the wet-
tability or the self-replenishing behavior. Hence, coatings made 
with polymeric spacers of different chain length (DP from 8 to 
22) and an overall wt% of F ranging from 0.65 to 2 were investi-
gated by static and dynamic water contact angles (CA). 

 As for the fl uorinated-dangling chains length, an optimum 
was found while using a polymeric spacer of 16 caprolactone (CL) 

      Figure 1.  SEM images of typical dual-structured coatings with raspberry-
like morphology at the air-interface: a) cross-section (detail of the top 
60  μ m of an ≈150  μ m thick coating) and b) air-interface (inset: higher 
magnifi cation showing the raspberry-like morphology). 

      Figure 2.  Topography and surface chemical composition of typical dual-
structured coatings with raspberry-like morphology at the air-interface: 
a) AFM 3D height image and b) XPS spectrum (inset: detailed C1s XPS 
spectrum). 
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contact with chemicals. The premature leaching of particles or 
fl uorinated-dangling chains would jeopardize the self-healing 
ability. Hence, the coatings chemical and mechanical resist-
ance was fi rstly investigated. For this purpose, the coatings 
were submitted to extraction procedures in different solvents 
(water, chloroform, and ethanol) combined with short sonica-
tion periods, after which they were dried under vacuum and 
characterized. SEM revealed that after these experiments the 
nanoparticles were still embedded in the polymer bulk (Sup-
porting Information, Figure SI–1a). The weight loss registered 
by gravimetry was very low: 0.1 (water), 2.5 (ethanol), and 4.3 
(chloroform) wt% of the initial coating. The solvent fractions 
were dried and the solid residues were analyzed by  1 H NMR. 
The chemical shifts were assigned to poly(caprolactone) frag-
ments (Supporting Information, Figure SI–1b). No chemical 
shifts related to the fl uorinated-dangling chains were found. 
Hence, even after harsh extraction in different solvents, only a 
small solid residue was extracted from the coatings consisting 
mainly of free polymer fragments. This robustness was the fi rst 
evidence of success of our fi rst design principle: to chemically 
bond all the coatings components, avoiding leaching of nano-
particles and/or fl uorinated chains. 

 To study the self-replenishing of the structured-coatings, 
we mimicked the damage that occurs on real applications by 
abrasion (testing set-up described in the Supporting Informa-
tion, Figure SI–2). The coatings with different wt% of F and 
raspberry-like structures were initially submitted to 50 abrasion 
cycles (400 grit sandpaper under constant pressure of 4300 Pa) 
( Figure    4  a). The coatings with lower wt% of F showed a sharp 
decrease of the water CA after 10 cycles, and decreased fur-
ther to hydrophilic values (<70°) after 50 cycles. However, for 
coatings with higher wt% of F the CA were less affected and 
even increased for the highest concentrations (≥1.5 wt%). The 
structured-coatings with 1.5 wt% of F were further submitted 
to 500 abrasion cycles (in total a ≈90  μ m layer was removed) 
(Figure  4 b). Regardless of the harsh damage imposed on the 
surface, the water CA remained high and it should be noticed 
that the CAH decreased considerably (≈10°). Although the con-
centration of the fl uorinated dangling chains did not seem to 
be critical for the water CA of the initial structured-surface 
(Figure  3 a), it was evidently determinant for the self-replenish-
ment. The enrichment of the initial air-interface with low sur-
face energy groups may occur naturally during the cross-linking 
process, driven by energy differences between the surface and 
bulk. [  18  ]  However, for repetitive replenishment, a suffi cient con-
centration (in this case, ≥1.5 wt% F) of the dangling chains in 
the bulk cross-linked network is required (i.e., existence of a 
reservoir), as postulated on our second design principle.  

 The morphology of the coatings before and after 500 abra-
sion cycles was investigated by SEM. Large scale (macroscopic) 
roughness profi les were induced by abrasion ( Figure    5  b) and 
new layers of large and small particles were exposed at the air-
interface, creating a new micro- and nanometer level roughness 
(Figure  5 d,f). To infer on the infl uence of the macroscopic rough-
ness introduced by the abrasion test, coatings prepared with 
equivalent wt% of F but without particles were tested ( Figure    6  a). 
After 500 abrasion cycles, these coatings maintain relatively 
constant water CA values, showing that the effect of the macro-
scopic roughness on the surface wettability can be disregarded.   

 The use of raspberry-like particles for superhydrophobic 
surfaces has been previously described, mostly via controlled 
deposition on substrates. [  27,28  ]  However, the majority of these 
surfaces is very prone to damage and a further coating/embed-
ding with a low surface energy component was always required 
to achieve a high water CA. Hence, it remains remarkable that 
the coatings we report here achieve such high water CA from 
a thick layer prepared directly from an all-in-one dispersion. 
Moreover, depending on the thickness required, the dispersion 
can be applied homogeneously by drop-casting (up to a few 
hundreds of  μ m) or spin-coating (a few tens of  μ m) either on 
glass, aluminium, or polycarbonate substrates.  

  2.2   .  Robustness and Self-Replenishing of the Dual-Scale Surface 
Structured Coatings 

 In practical applications, these coatings will be inevitably 
damaged by accidental scratches, dirt rubbing, or prolonged 

      Figure 3.  Static and dynamic water contact angles on dual-structured 
coatings: a) effect of the length (DP – number of CL units) of the poly-
meric spacer of the fl uorinated-dangling chains (on coatings with 
0.65 wt% F) and b) effect of different fl uorine concentration (wt% of F, 
using Rf 8 -PCL 16  dangling chains). 
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regenerated topography (assuming the possible cross-contam-
ination from the abrasion procedure insignifi cant; see Sup-
porting Information for experimental details). Hence, the self-
replenishing effect we observed for the structured-coatings is 
most likely a combined result of the regenerated multi-scale 
topography and the re-orientation of the fl uorinated dangling 
chains at the new air-interfaces.   

  3   .  Conclusions 

 Robust superhydrophobic coatings which can replenish the sur-
face chemical composition on new multi-scale topographies cre-
ated by the damage were prepared, from an all-in-one dispersion 
and using a simple drop cast method. Three main design prin-
ciples have been postulated and proven. The fi ne tuning of the 
coatings conditions, such as concentration and mobility of the 
low surface energy component, and concentration and distribu-
tion of the topography-inducing elements, are critical factors to 
optimize the self-replenishment. The principles reported can be 
extended to other self-healing surface-dependent functionalities, 
that is, anti-bacteria, anti-(bio)fouling, or drag-reduction, with 
high performance levels through their life-cycle and low cost 
and energy demand for maintenance and surface repair.  

  4   .  Experimental Section 
  Materials and Equipment : Tetraethyl orthosilicate (TEOS, 99%), 

3-Amino-propyltriethoxysilane (APTES, 98%) both purchased from 

 Even if the regenerated topography did not show the initial 
raspberry morphology, it seems to be effi cient on entrapping 
suffi cient air into the surface–structure to maintain a high water 
CA. These results show the importance of our third design prin-
ciple; that is, to have suffi cient topography-inducing elements 
(particles) homogeneously distributed in the bulk, so that they 
can re-create topographies upon repetitive damage. In this case, 
the recreation of a multi-scale surface roughness may even be 
benefi cial for the surface wettability, as also reported by others. [  29  ]  

 XPS analyses of the structured-coatings after 500 abrasion 
cycles indicates that the F/C atomic ratio on the top 10 nm layer 
increases slightly in relation to the initial surface (Figure  6 b), 
while the Si/C atomic ratio is rather similar. These results 
provide further evidence of the re-orientation of the dangling 
chains, covalently bonded to the polymer layer involving the 

      Figure 4.  Static water contact angles of dual-structured coatings after 
abrasion cycles with sand paper (400 grit and a constant pressure of 
4300 Pa): a) 50 cycles on coatings with different wt% of F, using Rf 8 -PCL 16  
dangling chains and b) 500 cycles on coatings with 1.5 wt% of F and Rf 8 -
PCL 16  dangling chains. 

      Figure 5.  SEM images of dual-structured coatings at different magnifi ca-
tions: a,c,e) before and b,d,f) after 500 abrasion cycles with sand paper 
of 400 grit and under a constant pressure of 4300 Pa. 
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60 scans. All carbon C1s peaks corresponding to hydrocarbons were 
calibrated at a binding energy of 284.5 eV, to correct for the energy shift 
caused by charging. The spectra were acquired at take-off angle of 0° 
relative to the surface normal, corresponding to a probe depth of ≈10 nm. 
The fl uorine-to-carbon (F/C) ratio was determined from curves fi tted to 
the C1s spectra, according to different carbon environment (C–C, C–H, 
C–O, C–N, C=O, C–F 2 , and C–F 3 ). The F/C and Si/C ratio were estimated 
from the corresponding area ratios by the following equations:

F/C =
[A(C F 2).2 + A(C F 3).3]

A(C F 2) + A(C F 3) + A(C = O) + A(C − O) + A(C − C )
  

(1)
      

Si/C =
[A(Si )]

A(C F 2) + A(C F 3) + A(C = O) + A(C − O) + A(C − C )
  

(2)
       

  Preparation of Silica Nanoparticles with 700 nm ( ̄D1  )  According to the 
Stöber Method : [  31  ]  An initial reaction mixture was prepared by adding 
21 mL of a 25% aqueous ammonia solution to a mixture of 75 mL 
isopropanol and 25 mL methanol, which was stirred at 300 rpm to 
achieve a homogeneous dispersion. Next, 10 mL TEOS was added drop-
wise in about 10 minutes. The white suspension formed was kept stirring 
for about fi ve hours at room temperature. After this reaction time, the 
white particles were separated by centrifugation (20 min, at 8000 rpm) 
and re-precipitated three times in a 50% ethanol/water solution (using 
similar centrifugation conditions). The particles separated from the 
supernatant (white solid) were vacuum-dried at 60 °C for 16 h. 

  Preparation of Silica Nanoparticles with 70 nm ( ̄D2  ) According to the 
Stöber Method : [  31  ]  The initial reaction mixture was prepared in a 250 mL 
round bottom fl ask, where 15 mL of a 25% aqueous ammonia solution 
was fi rstly added to 200 mL of ethanol. The mixture was stirred at 400 rpm 
to guarantee a homogeneous dispersion. Next, 6 mL of TEOS was added 
drop-wise at 60 °C in about 10 min. The white suspension formed was 
kept stirring for about fi ve hours at 60 °C. After this reaction time, the 
particles were separated by centrifugation (30 min, at 15000 rpm), 
re-precipitated 3 times in 50% ethanol/water solutions and separated 
(using similar centrifugation conditions). The particles separated from 
the supernatant (white solid) were vacuum-dried at 60 °C for 16 h. 

  Amino-Modifi cation of Silica Particles : 1 g of 700 nm silica particles 
(D̄1 ) were re-dispersed into 100 mL ethanol. The mixture was sonicated 
for 15 min to guarantee that the silica particles were homogeneously 
dispersed. Subsequently, 0.1430 g APTES in 10 mL ethanol was 
added drop-wise to the silica suspension. The suspension was stirred 
(300 rpm) at 50 °C under nitrogen atmosphere for about 24 h. After this 
reaction time, the particles were separated by centrifugation and washed 
three times with ethanol (20 min, at 8000 rpm). The collected particles 
(white solid) were vacuum-dried at 50 °C for 16 h. 

  Pre-Cross-Linking of the Precursors : First, 0.029 g of D̄2  silica 
nanoparticles were dispersed in 0.155 g of NMP by sonication during 
90 min. Second, 0.050 g of a 30 wt% t-HDI solution (in NMP) was added 
to a mixture of 0.186 g TMP-PCL 24  in 0.931 g NMP. The mixture was 
magnetically stirred during 90 minutes at 75 °C. Next, 0.190 g of pre-
cross-linked TMP-PCL 24 /t-HDI/NMP mixture and 0.104 g of the amino-
modifi ed D̄1  particles were added to the initial D̄2  suspension in NMP. 
The total suspension was sonicated for 15 min. Next, 0.009 g of Rf 8 -PCL 16  
was added and sonicated for another 15 min. Finally, 0.036 g of a 30 wt% 
t-HDI solution (in NMP) was added. The total molar ratio of NCO/(OH 
or NH) was kept at 1.2 to ensure the full conversion of OH or NH groups. 

  Preparation of Dual-Size Coatings by Drop-Casting : The all-in-one 
dispersion was drop-casted on clean glass slides (20 mm × 20 mm) 
until they were completely wet. The fi lm was cured for 60 min at 80 °C 
under vacuum. The typical thickness of the coatings obtained with this 
process was about 70 to 150  μ m, depending on the drop-casting volume 
of coating suspension and coated area.  

  Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  

Merck (Honenbrunn, Germany) and 25% ammonia aqueous solution 
from Merck (Darmstadt, Germany), were used as received. Compounds 
1 and 2 in Scheme  1 , were prepared as described by Dikić et al. [  30  ] . The 
cross-linker (compound 3) further referred as t-HDI, was obtained from 
Perstop as tolonate HDT-LV2, which consists mainly of hexamethylene 
diisocyanate trimer (equivalent weight of NCO EW NCO  = 183 g; NCO 
functionality = 2.8, molar mass = 504.6 g/mole). Isopropanol, ethanol, 
and  N -Methyl pyrrolidone (NMP) were obtained from Biosolve 
(Valkenswaard, the Netherlands). All solvents and chemicals were used 
without any further purifi cation, unless stated otherwise. 

 DLS was performed on a Malvern Zetasizer Nano ZS Instruments, 
using distilled water or ethanol as dispersing media. A Philips XL-30 
ESEM FIB microscope was used for SEM analyses. For the preparation of 
the coatings, a Laurell WS-650-23NPP-LITE Spin Coater was employed. CA 
measurements were performed on a Dataphyscis OCA 30 with ultrapure 
water as probe liquid. AFM measurements were performed on a SMENA-B 
Solver P47HT scanning probe microscope with a gold-coated NSG 03 
tip from NT-MDT. XPS was carried with a K-Alpha, ThermoScientifi c 
spectrometer using an aluminum anode (Al K α  = 1486.3 eV) operating 
at 510 W with a background pressure of ≈2 × 10 −8  mbar. The spectra 
were recorded using the VGX900 data system collecting an average of 

      Figure 6.  Characterization of the coatings: effect of abrasion cycles on a) 
the static and dynamic water contact angle of coatings without nanopar-
ticles and b) the F/C and Si/C ratio of the dual-structured coatings. For 
the abrasion tests, sand paper of 400 grit and was used with a 4300 Pa 
constant pressure. 
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