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Abstract

The preparation of coatings involving the least material components and fabrication route is one of the
today’s challenges in the development of hydrophobic nanocomposite films. This study aims at the
fabrication of a hydrophobic polymer nanocomposite coating and the evaluation of the interplays amongst
hydrophaobicity, microstructure, fillers loading and free surface energy of the coatings. To achieve this,
hexamethyldisilazane functionalized nano-silica as the filler and ethylene vinyl acetate (EVA) as the matrix
were used. Toluene was used as the solvent. The concentration of 3% was employed as the optimized
solvent ratio to create polymer film. The loadings of 10, 20 and 30 wt% of nanomaterials were added into
the solvent followed by a spray technique due to its single step approach. The analyses showed the coating
filled with 30 wt% of nano-silica resulted in a porous interconnected structure, in good agreement with the
CassieBaxtersurface energy model. The 30 wt% nano-silica nanocomposite coatings resulted in a static
water angle of ~121 9 exhibiting a 34% increase with respect to that in the case of pure EVA and a sliding
angle of 89 with 90% reduction compared to the 10 wt% filled coatings due to the high surface roughness.
Three surface energy models of Fowkes, Owens-Wendt and VVan Oss were employed through which, unlike
the case of VVan Oss model, the Fowkes and Owens-Wendt models exhibited that with the addition of fillers,
the polar component of the free surface energy decreases confirming the increase in the estimated water
angle contact.
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1 Wear-resistant
2 Superoleophobic
3 Polydimethylsiloxane (PDMS)
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Fig. 2 SEM images of pure EVA specimens in (a) 5000 and (b) 10000
magnifications
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Fig. 5 SEM images of EVA-%30 SiO, specimens in (a) 1000 and (b)
2500 magnification
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Fig. 3 SEM images of EVA-%10 SiO, specimens in (a) 2500 and (b)
5000 magnifications
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Fig. 4 SEM images of EVA-%20 SiO, specimens in (a) 1000 and (b)
2500 magnification
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Table 3 Statistical information in the pore size distribution obtained

from specimens loaded with 20 wt% and 30 wt% of nano-silica
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Fig. 6 SEM images of SiO,/EVA nanocomposites in 2500

maghnification in specimens filled with (a) 20% and (b) 30% of nano-

silica
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Fig.7 Pore size distribution histogram of nanocomposites filled with
(a) 20 wt% and (b) 30 wt% of nano-silica

5720 ol (i) slacu;emalS il Slyis ol gojes ol Fgrann 7
Sebosil 730 sl (&)

1732

§

Aywni p &

¢C¢A



ODed 5 03 s S34e

s 13956 b osud wg 95 wliawl Juib s (pisl ) 940l 930 gsmeu,JEJmu ST Ls)ﬁ).sl}\;.).s}m).uu Soa olea

Roughness (1um)

Roughness (1um) Roughness (1um)
S b bo oo oo

Roughness (um)
bL LS
7

Evaluation profile

oo
=y

—0 s U

W N =

o
I
n

10 15 20 25 30 35 40 45 50
Length (mm)
Fig.9 Surface roughness profile of EVA-pure specimens
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Fig.10 Surface roughness profile of EVA-%10 SiO, specimens
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Table 7 Roughness parameters of nanocomposite specimens filled
with nano-silica
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Table 4 Static contact angle using water droplet on the
nanocomposite coatings

@ oles agl; Wged
90.1 Pure-EVA
97.5 EVA-%10 SiO,
103.5 EVA-%20 SiO,
121.32 EVA-%30 SiO,
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Table 5 Sliding angle obtained from nanocomposite coatings

pale a4l LY

e e Pure-EVA
85 EVA-%10 SiO,
20 EVA-%20 SiO,
8 EVA-%30 SiO,

EVA- EVA- EVA-
EVA-PUe 0 108i0,  9%20Si0,  %30SiO,
Ra(um) 0069 0.151 0.363 0.768
Rg(um) 0092 0.259 0.466 1.071
Rk (um)  0.726 0.310 0.818 0.703
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Table 6 Contact angle of liquids used to measure the surface energy
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Olydg)aeel 5 Ol 5215 Oy o
26 43.17 32.66 Pure-EVA
30.35 59.75 36.27 EVA-%10 SiO,
31.39 52.08 36.1 EVA-%20 SiO,
27.42 42.18 21.94 EVA-%30 SiO,
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Table 11 The surface energy components based on the Van Oss
theory

r r r r
Pure-EVA 26.6 19.1 7.54 0.02
EVA-%10 SiO, 24.6 14.4 9.8 0.4
EVA-%20 SiO, 26.8 16.6 8.3 1.9
EVA-%30 SiO, 40.5 19.3 7.2 14.0
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Table 8 The surface tension components of the liquids used

r r r O35l Slasle
728 26.4 46.4 o
27.4 124 15.0 RUFERRWNLE
255 255 0 oS0l
28.4 26.1 23 Siolgs
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Table 9 The surface energy components based on the Owens-Wendt
theory

r r r
Pure-EVA 24.9 19.8 51
EVA-%10 SiO, 215 17.1 43
EVA-%20 SiO, 21.7 19.4 2.3
EVA-%30 SiO, 25.0 25.0 0.03
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Table 10 The surface energy components based on the Fowkes
theory

r r r
Pure-EVA 23.2 19.1 4.2
EVA-%10 SiO, 17.6 14.4 3.2
EVA-%20 SiO, 17.7 16.6 11
EVA-%30 SiO, 19.9 19.3 0.56
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