FmFEAR ES1E 1o
- 336 - SURFACE TECHNOLOGY 2022 410 A

ETamEEREFERE —T
Hl FERAERKERE

R, TR, RDE°, EE ., RRR "

(RERZ a U TITEEYTIEFIR b.HLRERRAHBELERLNE
c.EZFRPETERAARPI, BE 201620)

HWE. B8 ATHRE—HELEE@EAM LXK @RS E&ENRAGRRKEE, &5 LRSS
EAENBEARERE, LFENERHABSEEI . EAKXRBRERF A, Fik B3 e RAB A
BA A% B Kb L B ALA RS 4K 2 o 3] N A B R B AL RO 69 SR AE E A B (POSS ), S Avhik ik Antn o B ik
ReiEs (PC) 2 @H& T —FRIAKLEALAE, KA TIKATERE POSS #9352 Bf LB HmE st
MARFRBEG R, R % POSS-SH-DFMA; #9357 = AR I54-2 69 40% ., TBR69 % A %5 THF
89 25%8F, B ERILERF BT ARTE, F SRR A RS A5 Tk ] 156.92°42 3.24°; RAFHI AT
FE, REELEY 85.63%; THRMPMATH, KT 6 h thREFEERABIFRLI AR, BT
TR A Gt AL S, 25 P ANRFE A R R pH (B4 SR A 69424086 45 TR iR E R R AR, &8 AL
B LA AR AR & P 5N —F F 894 R ARBUE POSS 454 TELAVE A T A —F ik & B 9R | FRALPEARAE 2 89
FEAREE

KR POSS; AuAKKE; EW; &M Btk MeH; KILAR

FESES: TG174; TB34 XEKFRIRADS: A XEHS: 1001-3660(2022)10-0336-08

DOI: 10.16490/j.cnki.issn.1001-3660.2022.10.036

Transparent Superhydrophobic Coating Prepared by One-step
Method Based on Fluorinated Cage-like Sesimiloxane

XU Ya-zhou?, HE Jin-xin®", ZHU Wei-biao®, DONG Xia®®, ZHAO Qiang-giang™”

(a. School of Chemistry, Chemical Engineering and Biotechnology, b. Key Lab of Textile Science &
Technology, Ministry of Education, c. National Engineering Research Center for Dyeing and
Finishing of Textiles, Donghua University, Shanghai 201620, China)

ABSTRACT: The coating film-forming method has good application prospects in the preparation of transparent superhydro-

phobic coatings due to its simple process, good repeatability and low equipment requirements. However, the nanofillers in the

WREH: 2021-09-22; EITH#: 2022-01-22

Received: 2021-09-22; Revised: 2022-01-22

E€WE: BEELEMLITXAA (2017YFB0309100 )

Fund: Supported by the National Key Technologies R & D Program of China (2017YFB0309100)

EFB N e (1997—), F, MEALE, LT GAHRERES DA

Biography: XU Ya-zhou (1997-), Male, Postgraduate, Research focus: functional polymer material.

BIRAESE: THAE (1959—), F, W, 3%, T2ARTAAGREEEELE,

Corresponding author : HE Jin-xin (1959-), Male, Doctor, Professor, Research focus: textile chemistry and dyeing & finishing engineering.
IR : thm, A, RER, F. ATHERRABERGFEAIIR—F EFHE&ENRTRRLEED]. @K, 2022, 51(10): 336-343.
XU Ya-zhou, HE Jin-xin, ZHU Wei-biao, et al. Transparent Superhydrophobic Coating Prepared by One-step Method Based on Fluorinated
Cage-like Sesimiloxane[J]. Surface Technology, 2022, 51(10): 336-343.



Bs51E oM RN, 55 T O ZEIR A 2 ik S e — 20 1 11 4 88 WA B g K I J2 - 337 -

existing coating film-forming methods generally have defects such as easy aggregation and poor durability. POSS is an organic-
inorganic hybrid with a special cage-like structure. Compared with ordinary nanofillers, POSS has the characteristics of monodi-
spersity and flexible functional modification. At present, most of the researches on POSS in the field of superhydrophobic
coatings are based on rough substrate surfaces, but few researches have been done in the field of mirror-transparent optics.
Therefore, the purpose of this study is to select POSS as a nanofiller and use a one-step coating film-forming method to
construct a large-area transparent and durable superhydrophobic coating on a mirror substrate.

In this study, an intermediate POSS-SHg was synthesized from octavinyl POSS and ethanedithiol based on a two-step
thiol-ene click chemistry reaction. Then, POSS-SHg and dodecafluoroheptyl methacrylate monomer were used as reactants to
obtain low surface energy modified product POSS-SH-DFMA; through photoreaction. The effects of the doping mass fraction of
F-POSS and the volume fraction of ethanol addition on the construction of superhydrophobic coatings were explored. The
preparation of spraying prefabricated liquid was as follows: F-POSS with different mass fractions was blended in resin
prepolymer. Resin prepolymer was composed of a mixture of hydrophobic photocurable resin (Changxing 6145-100) and diluent
HDDA at 4 : 1. After the prepolymer was evenly mixed, the dilution solvent THF was added to the system at a dilution ratio of
1 : 20. It was dispersed uniformly in a stirrer and an ultrasonic shaker successively. In order to obtain the rough micro-nano
composite structure on the smooth substrate surface, the method of spraying combined with non-solvent induced phase
separation was adopted in this study. Different volume fractions of non-solvent ethanol were added to the above system to obtain
a series of spraying prefabricated liquids. Next, the prefabricated solution was transferred to the surface of the smooth substrate
by spraying and the coating was air-dried at room temperature. Finally, the air-dried coatings were cured in a UV curing
apparatus under N, atmosphere for 5 minutes. The chemical composition of the main substances in the obtained samples was
analyzed by infrared spectrum curve. The static water contact angle and dynamic rolling angle of the coatings were recorded by
contact angle analysis and self-made rolling angle measuring instrument to characterize the hydrophobicity of the coatings. The
surface topography and roughness of the composite coatings with different rough structures were investigated by scanning
electron microscopy and three-dimensional ultra-depth-of-field microscopy. The transmittance of the coatings was measured by
a UV spectrophotometer to characterize the transmittance of the coating. A self-made device was used to set water droplets to be
released at a uniform rate of 2 drops per second at a height of 30 cm. The hydrophobic property retention curve of the coatings at
different times were obtained to characterize the mechanical stability of the coating. The three superhydrophobic coatings were
placed in an outdoor open-air environment, and their contact angle changes were recorded every 3 days to evaluate their
weatherability. In addition, the above three coatings were soaked in HCI and NaOH solutions with pH values of 1 to 14 for 24
hours. And the contact angle curves of each coating at different pH values were recorded to compare their resistance to reagents.

The research results show that the coating exhibits excellent superhydrophobic properties when the doping mass fraction of
POSS-SH-DFMA; is 40% of the resin content and the addition volume fraction of ethanol is 25%. The static water contact angle
and sliding angle can reach 156.92° and 3.24°, respectively. In addition, the superhydrophobic coating prepared under the
optimal process conditions also has good optical transparency and its light transmittance is 85.63%. The coating still maintains
superhydrophobic property after being impacted by water droplets for 6 hours, indicating its mechanical stability. Not only that,
the original wetting property of the coating can still be maintained after experiencing various outdoor environments and the
erosion of chemical agents with different pH values. Therefore, the introduction of a certain amount of fluorine-containing
monomer to modify the POSS combined with the phase separation of ethanol into the photocurable resin system can prepare a
large-area transparent and superhydrophobic coating with stable physical and chemical properties in one step.

KEY WORDS: POSS; superhydrophobic coating; transparent; durable; spraying; phase separation; UV curing
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