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Preparation and properties of transparent super hydrophobic composite
coatings of hano SiO, composite particles/organosilicon oligomers
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(1. School of Mechanical and Electrical Engineering, Xi'an University of Architecture and Technology, Xi'an 710055,
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University of Technology, Xi'an 710048, Shaanxi, China )

Abstract: SiO, composite particles solution was firstly prepared from physical blending of colloidal SiO,
particles solution, which was obtained via Stober method, with powder SiO, particles and then modified by
3-aminopropyl trimethoxysilane (KH540) and perfluoro-decyl trimethyloxysilane (PFDT). SiO, composite
particles/acidic organosilicon oligomer composite superhydrophobic coating was synthesized by spraying
the modified SiO, composite particles solution on glass substrate using acidic organosilicon oligomer
prepared from polymerization of triethoxymethylsilane (MTES) and ethyl orthosilicate (TEOS) as bonding
agent. The influence of SiO, composite particles, acidic silicone oligomer, KH540 and PFDT on the
composite coating were further investigated. The results showed that when the SiO, composite particles
solution consisting of colloidal SiO, particles with a particle size of 110 nm and 50 nm powder SiO,
particles (The dosage was 1% of the mass of colloidal SiO, particles solution), the mass ratio of SiO,
composite particles solution to acidic silicone diluent was 4 : 1, and the addition amount of both KH540
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and PFDT was 1% of the total mass of mixed solution, the thus prepared composite coating could achieve

light transmittance of 88% in the visible light wavelength range with a static contact angle of 155°, and

maintain superhydrophobicity after 60 cm abrasion on 800 mesh sandpaper, with good self-cleaning

property.

Key words: nano SiO,; transparent superhydrophobic coatings; organic silicon oligomer; preparation;

properties; functional materials
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Table 1 Preparation conditions and particle size of colloidal
Si0; particles

No. TEOS/mL  &/K/mL  Je Wi BE/°C kLT ki /nm
1 2 1 60 45
2 2 1 40 80
3 4 1 30 110
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5 6 4 30 250
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K1 RREBAR Si0, RiAe 52 & Uk J2 He il
Contact angle of composite coatings with different
colloidal SiO, particle sizes

HE 1 ATLAE ), Bl AR Si0, ki RiAs 13
K, EEWZMHKIERERIEN s, MRk
Si0, B FRifE M 45 nm K %2 80 nm I, BEAGE
B K PERE B/ IR BE SR T 5 >4 Si0, KL Rt —20 M
80 nm 4 KF| 110 nm I}, B G IR)ZHHEKMERER KR
FEROER T, Hag Ml N 136°350m3] 155°; 4I{A Sio,
BT RARHE— 2L HE KT, U2 3 THDRLRS BE X iR 2 5K

Fig. 1
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Fig. 2 Transmittance of composite coatings with different
colloidal Si0O, particle sizes
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Fig. 3 Contact angle of composite coatings with different
particle sizes of SiO, powder
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Fig. 4 Optical microscope images of composite coatings
before (a) and after (b) addition of 50 nm SiO,
powder
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Fig. 5 Transmittance of composite coatings with different
particle sizes of SiO, powders
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Fig. 6 Contact angle of composite coatings with different
addition amount of acidic organosilicon oligomers
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Fig. 7 Transmittance of composite coatings with different
addition amount of acidic organosilicon oligomer
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Fig. 8 Effect of addition amount of KH540 on contact angle
and pH of composite coatings
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Fig. 9 Photo of samples before and after addition of KH540
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Fig. 10 AFM images of composite coatings with 0 (a), 1% (b)
KH540 addition
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Fig. 11  Effect of addition amount of fluorosilane PFDT on
contact angle of composite coatings
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Fig. 12 SEM images of composite particle coatings without (a)
and with (b) addition of acidic organosilicon
oligomer
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Fig. 13 Contact angle of composite coating under different
friction times
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HE 15 AT 0L, BT B A E R ZE R R T,
P, 20t BER S 52 A 1R 2 1 SR T AL RE B TR T
6.2 nm, X PEE A UREE B S B KRR T R
FEFN 2 AR 2 B S R EIR AFM KIA]
W, RFEIRMEAE, BARZRE R A
B BT, (BESR AR H R i 2 5 B R, &
TRER R, Pk, YK 5 R A, K
filtB Ly Cassic-Baxter 810 LR 2R H A&
HEHKERE

5 BRI, R HURE(R B e 4R THA 2 B it
JEVERE . B A IRZMEEBRREL <4 IR H & B 5K
PERE; Y 4 W<EEEE <6 AT, IREBIKMN
140°~150°2 8], i HA RAFAYGKPERE s YR
B>10 WG, WZH/KERES KIE TR, HhE&
HikYERE, HIL, ZAWZEEA RIFAm R,



5 3 OB, S YK SI0, B AR/ HURE IR R W W R K A2 5 U R B A TR RE

* 579 -

26 ESREHEFEEMNR

TEWA AR (RAER&&1T) BB b
TR R ORI, SR I 1 R R K, I
e, ZRIE 16 s .

URZ I 3 i

AN
R

JEB A T RCR

Fig. 16 Self cleaning effect of composite coating before
dripping (a), in dripping water (b) and after
dripping water (c)

HilE 16 nTLAFE R, HKMEAEE S RIZRMER
I, B ESREREROTGRYNE; HEY
ZHKINE G IRIZR RSN, R0 R a5 g
I e il , UL A IR E A REFH) H T
PERE

i bprg, WIERRIMEA RN AEENE, 6
5 7K TR B T R AR R TS e

3 #Hit

(1) 8T — S WOR A AE S I L& T —Fh
MBS Si0, & Ak /IR YA LR Y & A5 W
ek HETHRZE, K E AR LA Stober 2 il
AR Si0, R T W5 M 1A Si0, br TR 1M Ak,
TRYEA WLEEIR SR L MTES 5 TEOS 1E NI R W TE
LR IHEAL R K A i B, PR & 2B KHS40 D)%
FAELE PFDT &M f5 72 B B 3L LR ik, 2
HA RIFRBErE . sk bk LR v, HorenT I
WK T B EH AT ik 88%, K AHEl A K 155°
TE 3M FPAE | BEEH 60 cm A7) REAR- R85 /K 1k BE

(2) ERTEAKT . BREAVEICRY L X
IR KH540 X EZAWRZEMREm, 258K, Y4
Si0, B A ki F RRifs 110 nm BAK Si0, kiF . Rifs
50 nm KA Si0, ki F B FRL 7 Br4ial, Si0, & Ak
TR S REA VAR Y EBR = 40 1,
IMEEGR KH540 S5%EkE PFDT B INEE N
1%, B8%RIZEMLGE AR,

S 30k :

(1]

[2]

(3]

(4]

(3]

(6]

(71

(8]

(]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

FEI L, HE Z Z, LACOSTE J, e a. A mini review on
superhydrophobic and transparent surfaces[J]. The Chemical Record,
2020, 20(11): 1257-1268.

SHEN K K (LR, JIA Y (380, LYU X M (Héf), e al.
Research progress on transparent superhydrophobic surfaces[J]
Surface Technology(FRfiH /&), 2021, 50(9): 108-119.

BAI Y, ZHANG H, SHAO Y, et al. Recent progresses of
superhydrophobic coatings in different application fields: An
overview[J]. Coatings, 2021, 11(2): 116-146.

TANG H (§%%), DONG B H (#%if}). Research progress in the
preparation technology of transparent superhydrophobic coatings[J].
Materials Reports (378 5:4}), 2021, 35(Z1): 156-159.

ZHAO X, SOPER S A, MURPHY M C. A high-adhesion binding
strategy for silica nanoparticle-based superhydrophobic coatings[J].
Colloids and Surfaces A: Physicochemical and Engineering Aspects,
2021, 625: 126810.

ZHENG J, YANG J, CAO W, et al. Fabrication of transparent
wear-resistant superhydrophobic SiO, film via phase separation and
chemical vapor deposition methods[J]. Ceramics International, 2022,
48(21): 32143-32151.

HUANG X, SUN M, SHI X, et al. Chemical vapor deposition of
transparent superhydrophobic anti-icing coatings with tailored
polymer nanoarray architecture[J]. Chemical Engineering Journal,
2023, 454: 139981.

YUAN Y, WANG Y, LIU S, et al. Direct chemical vapor deposition
synthesis of graphene super-hydrophobic transparent glass[J]. Vacuum,
2022, 202: 111136.

GUPTA N, KAVYAM V, SINGH Y R G, et al. Superhydrophobicity
on transparent fluorinated ethylene propylene films with nano-
protrusion morphology by Ar+O, plasma etching: Study of the
degradation in hydrophobicity after exposure to the environment[J].
Journal of Applied Physics, 2013, 114(16): 164307.

EBERT D, BHUSHAN B. Transparent, superhydrophobic, and wear-
resistant surfaces using deep reactive ion etching on PDMS substrates[J].
Journal of Colloid and Interface Science, 2016, 481: 82-90.

HAMDI A, CHALON J, LAURENT P, et al. Facile synthesis of
fluorine-free, hydrophobic, and highly transparent coatings for self-
cleaning applications[J]. Journal of Coatings Technology and Research,
2021, 18(3): 807-818.

TAN H W (i 30). High transmittance superhydrophobic SiO,
design and preparation of 2 antireflective films[D]. Beijing: Beijing
Nonferrous Metals Research Institute (Jb5A 44 )8 WFIT K Br),
2019.

LI Y (Z¥]). Preparation and dustproof performance of a sturdy
transparent superhydrophobic coating[D]. Beijing: Beijing Jiaotong
University (1L 51 38l K 2%%), 2021.

LUO H, YANG M, LI D, et al. Transparent super-repellent surfaces
with low haze and high jet impact resistance[J]. ACS Applied
Materials & Interfaces, 2021, 13(11): 13813-13821.

ALLAHDINI A, JAFAIR R, MOMEN G, et al. Transparent non-
fluorinated superhydrophobic coating with enhanced anti-icing
performance[J]. Progress in Organic Coatings, 2022, 165: 106758.
XU Y Z (#%3W3), HE J X (fTEEE), ZHU W B (R TU%), e al.
Preparation of transparent superhydrophobic coatings based on
fluorinated modified cage like sesquioxane one-step method[J].
Surface Technology (Ffi$% ), 2022, 51(10): 336-343.

XIAO J P (H12F), FENG Q H (Bi4), LI S J (M), et al
Mechanism of silane hydrolysis/condensation and application of
oligomers in resins[J]. Silicone Material (4 HL&E#1 k), 2018,
32(S1): 67-73.

JI'S S (HEMHM). Development of coatings using ethyl orthosilicate
hydrolysate as film-forming material[D]. Harbin: Harbin Institute of
Technology (Mi/K1E Tk K2%), 2011.

DARMAWAN A, HANDAVANI D L, SAPUTRA R E. Hydrophobic
silica films derived from methyltriethoxysilane (MTES): Effect of
pH and calcination temperature[J]. Applied Physics A, 2021, 127:
1-8.

CASSIEA B D, BAXTTER S. Wettability of porous surfaces[J].
Transaction of the Faraday Society, 1944, 40: 552-562.



	广告
	广告1
	广告2


