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Water-repellent Spray Coating Using Silica Nanoparticles Surface-treated
by Non-solvent Vapor Deposition and Poly(methyl methacrylate)
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Abstract: Hydrophobic water-repellent coating is a key technology for controlling surface properties and protecting sur-
faces not only in industrial fields but also in everyday life. Since the hydrophobic surface has functionalities such as self-
cleaning, anti-corrosion, and anti-fouling as well as waterproof, it plays a role in protecting the surface and increasing
durability in various fields. In this study, the surface of hydrophilic silica nanoparticles was modified to be hydrophobic
through non-solvent vapor deposition. A simple spray coating formulation was developed by dispersing silica nanopar-
ticles in a solvent together with a polymer binder, poly(methyl methacrylate). The surface morphology, roughness, and
transmittance were investigated with the silica nanoparticle size, solvent type, and polymer concentration, and the hydro-
phobic surface was optimized by measuring the water contact angle.

Keywords: hydrophobic, silica nanoparticle, poly(methyl methacrylate), trichloro(octyl)silane, spray coating.

N o= 54, 5s] S s e oo} A7AY A

EMV] el BjFHAA] Tl Eolee B 4L
LA Sl tigh Alo] 71ee ek AAlE ozt TINA FAAREES =Y 5 STk o] Hel= %@“%‘XL
Ay Bop M TFst BAIS sl A 4 ok A 1w QA9 715AE THAAL 7] wiell AbFsAk, A, 5
4o BH 2942 B Jos, QUKo Fuist B A4 AE 5 Ok Pobld ERg Besy YTHL
o] o]2= HEzte %3 FW FEAe) A5 YERITE & o 93 b 2540 5] 2 #E7 fsiMe
HE7Zbo] drbz oz 90° ool Ag/dolBtaL sh, 150° 9| sfelxrdo] W RHUAIE 7T A87] 9
opgold Eaty EH owm Stk a5e) W e ol oAk stef A ARSL 2 Jlskely F2E 7H
ohest ’&a—fok"ﬂ"ﬂ Z5A X“lﬂ—’ Qo US| A ok 3} * Cassie-Baxter E@o] w=2W A4A] THY AR
RS Ao R WENEE A 92 AR Gk /7h 2 A0l B34 AL Al 37171 Eslel £
FA R HES Haslel] 2] SAJo] Al e
N ego] g7 =9 24 & Atk ol & F& EEFQl 51
o oo AL SIS S8 TR 4 8

©2023 The Polymer Society of Korea. All rights reserved. 7P F8sithe As o ¢ Aok

780


https://orcid.org/0000-0002-1615-689X
https://orcid.org/0000-0002-1615-689X
https://orcid.org/
https://orcid.org/0000-0002-1615-689X
https://orcid.org/0000-0002-1615-689X

Hl-gn 7SR THxElE At Yiedixiel ZEjiEHEl Y 0| EE o] &g W 2argo] ¥ 781

2 AFxe A7t YAE T8 AEOE ARSSte] W 2oz JfEs] flste] Svls ARSEHA] e e
I FYAZ dstt Sk A7 ks B15Ao) HEg710A 7173 S-S ARSI o] A7hE(Si-OH)
o, QA Faf|5h7] wlel eHAg ARgo] 7Fsslt) Aelgh 7|12 o]Foixl A7t Y=gtet A fo]H(2x2 em),
JAe] FHE ATE(Si-OH)7| = o] Fo]A Qo] X449 03 mLe] OTSE HHlE wkg7] tofl A Yo Fa slofA
RS vehly, A7t o] WAL 1A ddol x5k A 6A7F B9 71NES At 1 3 Al v

(OH ol W] ghe. wehs 215499 Helt AAe we =
SA AMga] Sl 4 Be) -CHE 7K el 7
Sz A7t B ALseh S duelow we)
A A B ATl ETAN 2 §UNS AgEAT
AT E SIS AHEIA B 1Y FHUL ol§5tel
ARAH PPOE el YAS FEAY She e
a5Ae] WS o8 HANAE Ba) BAMIAE @

7] 3 FEE WA

N

FaL, gl o] Rk A7t YAk
SR B 5L RIS
A7t ks Al g HHsio] ARVE STIA =
W&o HAS Ak wr 23S AlFsHAI T 73
2ol ofsl W Y A /g0l 4] Kaith ATt
E=UAE FHE ZEAR] poly(methyl methacrylate)
(PMMA)E HRIEE E3ste] Axgo] Yo g W g

2k Az 2] 1Y W dgA el i
she, et el iAo ke FAR "ol ks
3led S8 7} e A7) bl mignt o2}
PMMA 22ke] 80, 55 28& Fell 7lstehd o Ad
717F 2 #RE Azt wg adtet WS A stk
S A7siolnt. E3E Ak s EAle] g 54
2k opeh Blel] oigk Faheel thaixe Brkete] §-8 W
S w3l sholnk

E

L

=
Al
=

Alet & 2. AE 30, 100, 300 nme] 7S 7A = A
217} U4 A= Dongguan SAT nano Technology Material
Co., Ltd.(China)ellX] =l BAIgle] AMg-3tth. CHo &
@715 7FA] = trichloro(octyl)silane(OTS)9} 227} U=
2] vpelr] o] S & PMMAEAFE 350 kDa, PDI 1.5)=
Sigma-Aldrich(USA)IA] el 3lsich.

A2[F} LI Rl EHIHE. A7) Uie Ate] ¥HS

CH,
CH.

e

CH.

CH; /

CH,

6hr

Baking
120°C

Figure 1. Schematic illustration of this experiment.
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Figure 2. (a) Water contact angle of bare (up) and OTS (down) treated silicon wafer; (b) silica nano particles dispersion in various solvents
with time; (c) UV-vis absorption spectra change of silica at various solvents with time.
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Figure 3. Contact angle change of OTS treated silica particle with time: (a) without PMMA; (b) with PMMA; (c) summary of contact angle

change with or without PMMA.
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Figure 4. (a) Photo image of droplet shapes on an optically transparent
hydrophobic film & water contact angle on the silica nanoparticle size
(30, 100, 300 nm); (b) AFM image of the spray-coated film with the
silica nanoparticle size; (c) contact angle of water and CH,I, & sur-
face energy with the silica nanoparticle size.
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Table 1. Summary of H,O and CH,I, Contact Angle and Surface
Energy

Particle size (nm) H,0 (°) CHL, °) E, (mJ/m?)
30 103 47 46
100 109 62 32
300 125 83 16
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Figure 5. Spray-coated film at various silica concentration (1, 2.5,
3, 3.5, 10, 30 mg/mL): (a) water contact angle of glass spray-coated
at various silica concentration; (b) summary of water contact angle
change with silica concentration; (c) the photo images of glass
spray-coated at various silica concentration; (d) UV-Vis spectros-
copy of glass spray-coated with silica concentration.
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Figure 6. (a) Water contact angle of spray-coated substrate at var-
ious PMMA concentration; (b) summary of water contact angle
change with PMMA concentration; (¢) SEM image of spray-coated
substrate surface at various magnification.
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