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(57) ABSTRACT

The invention relates to methods, systems and compositions
for surface treatments of substrate surfaces. Specifically,
embodiments provided herein are for methods and composi-
tions for imparting hydrophobicity to substrate surfaces. The
embodiments provided herein are for methods of imparting
hydrophobicity to substrate surfaces comprising the steps of
hydrolyzing a solution comprising a titanium precursor to
obtain a titania sol, diluting the titania sol solution, treating
the substrate surface with the at least one dilution of the titania
sol, and drying the treated substrate surface. Further, surface
treatment compositions comprising titania sol solutions are
provided herein.
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HYDROPHOBIC SURFACE TREATMENT
COMPOSITIONS COMPRISING TITANIUM
PRECURSORS

FIELD

[0001] This invention relates to methods and compositions
for treating substrates with surface treatment compositions
comprising titanium precursors, and more particularly to
methods and compositions for surface treatments imparting
hydrophobicity to substrates.

BACKGROUND

[0002] Many applications utilize the surface properties of
substrates. Properties of substrate surfaces can be modified or
enhanced using various surface treatment methods. Modified
substrate surfaces can exhibit a wide range of beneficial prop-
erties. For example, the substrate surface properties of hydro-
phobicity or hydrophilicity can be modified with surface
treatment methods and properties such as water-resistance or
water-repellence can be introduced. Surface-modified sub-
strates can be useful in environmental protection and super-
conduction, and can provide anti-soiling, stain resisting, self-
cleaning, or biomimetic properties to substrate surfaces.
[0003] Insomeinstances, surface treatment methods utilize
surface treatment compositions that can form micro- or nano-
structures on the surfaces of substates. Recently, use of nano-
material compositions for surface modifications has gained
popularity. Surface treatments with nanomaterials can pro-
vide more efficient, long lasting effects.

[0004] Recently, considerable attention has been directed
to substrates with hydrophobic surfaces and as a result, tre-
mendous efforts have been made to achieve/improve hydro-
phobic properties of different types of substrates. The use of
hydrophobic polymers grafted on surfaces (to alter the sur-
face energy of the surface), modification of surface morphol-
ogy to mimic nature (effects of lotus leaf, rose petal, duck
feathers, and water sliders) has been reported. See Yan Y, Gao
N, Barthlott W, Mimicking natural super-hydrophobic sur-
faces and grasping the wetting process: A review on recent
progress in preparing super-hydrophobic surfaces. Advances
in Colloid and Interface Science 169 (2011) 80-105; Feng L,
LiS,LiY, LiH, Zhang ., Zhai J, Song Y, Liu B, Jiang L., Zhu
D, Super-hydrophobic surface: from natural to artificial, Adv.
Mater. 14 (2002) 1857-1860; Gao X F, Jiang L., Water-repel-
lent legs of water striders, Nature, 432 (2004) 36-36; Shi F,
Wang 7. Q, Zhang X, Combining a layer-by-layer assembling
technique with Electro chemical deposition of gold aggre-
gates to mimic the legs of water striders, Adv. Mater. 17
(2005) 1005-1009), or grafting of nano particle (See ShiY. L,
Feng X. J, Yang W, Wang F, Han Y. Q. Preparation of Super-
hydrophobic Titanium Oxide Film by Sol-Gel on Substrate of
Common Filter Paper, J Sol-Gel Sci Technol. 59 (2011)
43-47; Amirhosein B, Ramin K, Mohammad EY. Fabrication
of super-hydrophobic and antibacterial surface on cotton fab-
ric by doped silica-based sols with nanoparticles of copper.
Nano scale Research Letters 2011, 6:594; Xue C H, Jia S T,
Zhang J, Tian L Q. Super-hydrophobic surfaces on cotton
textiles by complex coating of silica nanoparticles and hydro-
phobization. Thin Solid Films 2009, 517:4593-4598; Hao L
F, An Q F, Xu W, Wang Q J. Synthesis of fluoro-containing
super-hydrophobic cotton fabric with washing resistant prop-
erty using nano-SiO2 sol-gel method. Adv Mater Res 2010,
121-122:23-26.), or polyelectrolyte multilayers to impart dif-

Mar. 12, 2015

ferent surface roughness to achieve the non wettable property
on the substrate (See Chao-Hua Xue, Shun-Tian Jia, Hong-
Zheng Chen and Mang W. Super-hydrophobic cotton fabrics
prepared by sol-gel coating of TiO2 and surface hydrophobi-
zation. Sci. Technol. Adv. Mater. 9 (2008) 035001 (5 pp);
Yuyang [, Xiangiong C and Xin J H. Hydrophobic duck
feathers and their simulation on textile substrates for water
repellent treatment. Bioinsp. Biomim. 3 (2008) 046007 (8
pp); Karthik R, Swaminatha K, Mark K, George C, Phillip J,
Igor L. Ultra-hydrophobic Textiles Using Nanoparticles:
Lotus Approach. Journal of Engineered Fibers and Fabrics
http://'www.jeffjournal.org Volume 3, Issue 4—2008; Ming-
huaY, Guotuan G, Wei-Dong M, Feng-Ling Q. Super-hydro-
phobic cotton fabric coating based on a complex layer of
silica nanoparticles and perfluorooctylated quaternary
ammonium silane coupling agent. Applied Surface Science
253 (2007) 3669-3673). By selecting and engineering the
molecules, surfaces have been developed with wettability that
can be reversibly switched from super-hydrophobicity to
super-hydrophilicity under UV/VIS irradiation, pH change,
or temperature change (See Cheng J, Qihua W, Tingmei W.
Thermo responsive PNIPAAm-modified cotton fabric sur-
faces that switch between superhydrophilicity and superhy-
drophobicity. Applied Surface Science 258 (2012) 4888-
4892; Nicolas V, Yannick C, Vincent T, Rabah B. Wettability
Switching Techniques on Super-hydrophobic Surfaces.
Nanoscale Research Letters 2007, 2:577-596).

[0005] The hydrophilic or hydrophobic properties of sur-
face can be measured by the surface’s wettability. A wettable
surface is a hydrophilic surface while a non-wettable surface
is more hydrophobic. In some instances, depending on the
end use of the substrate, a wettable surface is desired, while in
some other instances, a non-wettable surface is desired. A
wettable surface can be converted to a non-wettable surface
and vice versa, using surface modification techniques. Sur-
face wettability to water mainly depends on the difference in
interfacial energy of the surface and the water droplet. This
phenomenon can be used to achieve a hydrophobic surface
using two different approaches; lowering interfacial energy
and altering smooth surfaces to rough surfaces (See Chien-Te
H, Jin-Ming C, Rong-Rong K, Ta-Sen L, Chu-Fu W. Influ-
ence of surface roughness on water- and oil-repellent surfaces
coated with nanoparticles. Applied Surface Science 240
(2005) 318-326; Watson G S, Cribb B W, and Watson J A,
How micro/nano architecture facilitates anti-wetting: An
elegant hierarchical design on the termite wing, ACS Nano, 4
(2010) 129-136; Pozzato A, Dal Zilio S, Fois G, Vendramin
D, Mistura G, Belotti M, Chen Y, Natali M. Super-hydropho-
bic surfaces fabricated by nano imprint lithography. Micro-
electronic Engineering 2006, 83:884-888; Zhu L B, XiuY H,
Xu J W, Tamirisa P A, Hess D W, Wong C P. Superhydropho-
bicity on Two-tier Rough Surfaces Fabricated by Controlled
Growth of Aligned Carbon Nanotube Arrays Coated with
Fluorocarbon. Langmuir, 2005, 21: 11208-11212; Ma M,
MaoY, Gupta M, Gleason K K, Rutledge G C: Super-hydro-
phobic fabrics produced by electro spinning and chemical
vapor deposition. Macromolecules 2005, 38:9742-9748).

[0006] Hydrophobicity of a surface can be measured using
the contact angle of a water droplet on the surface. The con-
tact angle can be a static contact angle or a dynamic contact
angle. The dynamic contact angle, measured by the contact
angle hysteresis of the surface, gives an idea about the wet-
tability of the surface. Using the contact angle hysteresis
analysis, one can determine how easy it is for a water drop to






