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Fig. 2 Bonding mechanism between organic polysilazane and substrate surface
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Fig. 3 Bonding mechanism of silane coupling agent and hydroxyl groups on the surface of the substrate
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Table 1 Composition of modified polysilazane coatings
with different PFMA-TMOS ratios

Dosage/g Solvent/mL

Sample
PFMA-TMOS OPSZ TFT

OPSZ-PFMA-TMOS-1%@Glass 0.00099  0.09901 2
OPSZ-PFMA-TMOS-5%@Glass 0.00480  0.09520 2
OPSZ-PFMA-TMOS-10%@Glass 0.00910  0.090 90 2
OPSZ-PFMA-TMOS-20%@Glass 0.01700  0.083 00 2
OPSZ-PFMA-TMOS-30%@Glass 0.02300  0.077 00 2
OPSZ-PFMA-TMOS-40%@Glass 0.02900  0.071 00 2
OPSZ@Glass 0 0.1 2

PFMA-TMOS is fluorinated silane coupling agent. OPSZ is organic

polysilazane. TFT is benzotrifluoride.
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%2 FEILLHIBE OPSZ-PFMA-TMOS £ &% EHI4H R
Table 2 Composition of OPSZ-PFMA-TMOS composite coatings with different ratios of modified polysilazane

Dosage/g Solvent/mL
Sample
PFMA-TMOS OPSZ DE MPs SiO, NPs TFT
OPSZ-PFMA-TMOS-40%@DE/SiO,-1@Glass 0.057 0.143 0.060 0 6
OPSZ-PFMA-TMOS-40%@DE/SiO,-2@Glass 0.057 0.143 0.050 0.010 6
OPSZ-PFMA-TMOS-40%@DE/SiO,-3@Glass 0.057 0.143 0.030 0.030 6
OPSZ-PFMA-TMOS-40%@DE/SiO,-4@Glass 0.057 0.143 0.010 0.050 6
OPSZ-PFMA-TMOS-40%@DE/SiO,-5@Glass 0.057 0.143 0 0.060 6
OPSZ@DE/SiO,-1@Glass 0 0.200 0.060 0 6
OPSZ@DE/SiO,-4@Glass 0 0.200 0.010 0.050 6
OPSZ@DE/SiO,-5@Glass 0 0.200 0 0.050 6
DE/SiO,-4@Glass 0 0 0.010 0.050 6

DE MPs is diatomite. SiO, NPs is silica nanoparticles.

1.5 FRAEFAN

FEfi A M EAX(SDC-100, %52 RS S8 A
PR &) T 7K F i R AR BN A o S R
ERUA S L, JEI N E R a5 AN E,
THE HK B A TR S M . R 7 28 (SEM,
JSM-7800F PRIME, HA)H T-RIAEERMIER. @ik
FT-IR(NICOLETIS10, 3 [H)fil 'H-NMR(AVANCE I
500MHz, #it) bz gii. @it X 4t
AEE A (XPS, PHI QUANTERA I, HA)/Hrif
TCRAL, AT EEREE 2. did R
W85 (AFM, Bruker Dimension Icon, f&[E)7H1ik/ZE
RIMEMIES . 8 A E S (TGAS500, £ H)
IHTRE IR MRS, 72 Ny AT, FHETERE
50~800 'C, JHEHZFE A 10 C/min. KHl15 15 E
BT D3yl 10 C/min (FHEEE, E5S
SRR 400 CHER 2 h, FHREBRHG, MEAR
FERMIEI T KA, FERE KRS, PSR
R 2 BT AR o

WG bR GB/T 9286—2021 ({03 fl i
BRI REE ), DL I R A 158 I 5 U J2E R 2 A
I E 1. M B AR dE GB/T 6739—2022 (&
BEAEBH IR B B EAEE ), H QHQ-A R4
SE R RE TH I 5E P ) A5 U E BT AR R . KR K
FRHE GB/T 23989—2009 € i ki 5 71 48 45 14 M) 5
Y, DSE B & UR Z T AR AR . R
Ji A B R0 A 4% B Tk 1 T v K T R K
OPSZ-PFMA-TMOS-40%@DE/SiO,@Glass 4 = ]
Pkt e . ERaRE AT, ¥ 3M R (&,
1.75 N/m)EA 100 g Hi# R AEIRJZR 30 s, JA/5HL
THE, TE0.5~1.0 s LA 60° AT . AL
Hof R AR AR B D — IR A A, BERE 2 IR R

TEIR, WSR2 1K e A (WCA)FIR B F1 (SA),
CAVEAR I 2 5 AR 2 (0] (13 2 A S T RS 42 5
H 25 mmx25 mm 12 73K 50 g fEMS 5RMAR(1500
EDTIIRONTT &= R S v 2l i i = A= R TP i DU Rl
W LA S mm/s [P FEAERD 4R _E /KT HEShAE §h o 7E 510
40 cm [P EEMPEES f5, MIEIRZM WCA Fi1 SA, LA
IE B M URRS i 1

i H,SO4 1 NaOH FCE pH=1. 4. 7. 10.
13 W7KIEW, WHiRJZE T Hr 48 h M1 3.5% (i &4
#0) NaCl ¥+ 48 h, LA & WCA F1 SA B HPFAh
FLPURR GG b 1k AN 2R B RE B R T A
48 h DLV Al LR 1

DAY FR W A5 e, it 7R iR 2 R I (175 G
Wi B SRR 2 1 B T . eAE IR T
WEXLW, "R Ryt 2gn. midEr) B

W RE.
2 HERFAnitib

2.1 EEHRERENERS

it FT-IR A1 '"H-NMR #f %% T PFMA-TMOS
[PI4k 22 G540 o 5 N PFMA-TMOS K H: [z R ¥y
PFMA. TMOS /] FT-IR . 7F FT-IR 3 ml LAXE
23| TMOS it v(—OCH;)H 4 4R 5 I X B T
2845 cm ', PEMA 454/ v(C=0){ 47 15 3 i X6f
T 1732 em ' L #E PEMA-TMOS ] FT-IR it
FEAREI 2204 cm ' AL IFJE T o(Si—H) K, LUK
1638 em ' Kb VAJE T v(C=C) 4R shiIg 2%, x &
RSN N R AE, S FRHFE C=C
Si—H #. [ WL PFMA-TMOS 7£ v(C—F)fii
EYRBNIE 1140 cm ' ALAFAERFAEIR IR, IE B RES
DR L () A2 B J TMOS eV 12y o



. 2252 . CREFR 3h 4R ) J Chin Ceram Soc, 2025, 53(8): 2248-2263 2025 4E
PFMA e TR BTS2 2 A Si R RIS IR, i T

PFMA-TMOS C—F 1140 cm™

Transmittance

TMOS C=01732 cm’
\_’_\h

—CH;2947 cm’!

1 \ Si—H 2204 cm!
'—OCH; 2845 cm™

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm!

K5 PFMA-TMOS KR4 PFMA F1 TMOS ) FT-IR 1%
Fig. 5 FT-IR spectra of PFMA-TMOS and its reactants PFMA
and TMOS

1 6 Jy PFMA-TMOS J H [ 4 PEMA . TMOS
) "H-NMR i . 7£ PFMA-TMOS ] '"H-NMR 7]
PAALELR, 2.39~2.60 &b B T DRk S0 s i 7= A5 1
B (—CH,—CH(CH;)—) F A R T 1y g, 78
1.15~1.19 Kb s 30 1 74 44 % 156 (—CH,—CH(CH;)—)
SERY R A 1E 0.77~0.91 A BL T DRRE SN Ak
M7 A2 FRI(Si—CHy—) 45 F P Ao A0 5 H B
7£ PEMA-TMOS [#] '"H-NMR 37, iF B & 5 A 5
P Wi e e = F R R SR )

b [ b
PFMA ¢ W)L()/L\/(zm
a a lk a d d
[ A
0
2 de O/C\/"Ju d
B Y
54 a b Ngi0Me)s b
E [PFMA-TMOS € u X
L i !
a HSi(OMe),
b a
TMOS A
1 1 1 1 1 1 1
6 5 4 3 2 1 0

K6 PFMA-TMOS JJL/ %) PFMA il TMOS ] 'H-NMR 1
Fig. 6 'H-NMR spectra of PFMA-TMOS and its reactants
PFMA and TMOS

# 3y OPSZ i&JZ Al OPSZ-PFMA-TMOS-40%
WEMERmS LR EER SN, MWFRH, OPSZ-
PFMA-TMOS-40%i% 21 F mam S EREm TR
i, H5 PFMA-TMOS #2800 . X R & 4
RS MERIIEHEE, K87 LR, BEEK

PR RREER I E A, RN Rz MRS
MDHES 73 A, WITT S B Z R F oo & B R

RS,

% 3 OPSZ i#ZF OPSZ-PFMA-TMOS-40% ;% R IR E
ENESESH
Table 3 Analysis of the content of each element on the
surface of OPSZ coating and OPSZ-PFMA-
TMOS-40% coating

Mole fraction of element/%

Sample

Fls Ols Nl1s Cls Si2p
OPSZ coating 0 441 32 292 234
PFMA-TMOS coating 50.1 6.9 0 418 12

OPSZ-PFMA-TMOS-40% stock
solution
OPSZ-PFMA-TMOS-40% coating 479 80 0.7 412 22

122 47 214 408 21.0
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Fig. 7 XPS spectra of Glass, OPSZ coating and OPSZ-PFMA-
TMOS-40% coating
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Fig. 9 AFM images of Glass, OPSZ@Glass, OPSZ-PFMA-TMOS-5%@Glass, and OPSZ-PFMA-TMOS-40%@Glass coatings

(a) OPSZ-PFMA-TMOS-10%@ (b) OPSZ-PFMA-TMOS-20% (c) OPSZ-PFMA-TMOS-30%@ (d) OPSZ-PFMA-TMOS-40%@
Glass @Glass Glass Glass

Kl 10 OPSZ-PFMA-TMOS-10%@Glass. OPSZ-PFMA-TMOS-20%@Glass. OPSZ-PFMA-TMOS-30%@Glass 1 OPSZ-PFMA-
TMOS-40%@Glass /2 HI{EAF SEM & F

Fig.10 Low magnification SEM images of OPSZ-PFMA-TMOS-10%@Glass, OPSZ-PFMA-TMOS-20%@Glass, OPSZ-PFMA-
TMOS-30%@Glass and OPSZ-PFMA-TMOS-40%@Glass coatings
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(b) WCA and SA of OPSZ@DE/SiO,-m@Glass (m=1, 4, 5)
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Fig. 13 WCA and SA of OPSZ-PFMA-TMOS-40%@DE/SiO,-m@Glass and OPSZ@DE/SiO,-m@Glass coating
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Hydrolysis and condensation of Si—N
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Fig. 15 Reactions occurring during the curing of polysilazane

% 4 OPSZ@Glass. OPSZ-PFHE-TMOS-n@Glass(n=1%, 5%, 10%, 20%, 30%, 40%)#1 PFMA-TMOS@GlIass ;&=
RIBTE N AN T BEROREL
Table 4 Adhesion ratings, hardness and resistance to butanone wiping of OPSZ@Glass, OPSZ-PFMA- TMOS-n@ Glass
(n=1%, 5%, 10%, 20%, 30%, 40%) and PFMA-TMOS@G]lass coatings

Sample Adhesion® Hardness® Resistant to butanone wiping

OPSZ@Glass 0 6H 125
OPSZ-PFMA-TMOS-1%@Glass 0 6H 100
OPSZ-PFMA-TMOS-5%@Glass 0 6H 100
OPSZ-PFMA-TMOS-10%@Glass 0 5H 100
OPSZ-PFMA-TMOS-20%@Glass 0 SH 75
OPSZ-PFMA-TMOS-30%@Glass 0 SH 50
OPSZ-PFMA-TMOS-40%@Glass 0 4H 25
PFMA-TMOS@Glass 0 6B 10

® According to GB/T 9286—2021, there are a total of 05 levels, with level 0 having the strongest adhesion and level 5 having the weakest. ® According to
GB/T 6739—2022, the hardness level gradually increases from 9B-HB-9H, and the higher the level, the greater the hardness.

T VAL ] 4 OPSZ-PFMA-TMOS-40%@ | Ry R B AIRDAREE B SELS, 43 Wil 16a~F 16f
DE/SiO,-4@Glass #BE/KiEZMIN AR 2, 317 P o Jiz oy ) B R &5 SR K B, OPSZ-PFMA-TMOS-
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(f) SEM of coating after 320 cm sandpaper wear
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Fig. 16 Contact angle and SEM images of OPSZ-PFMA-TMOS-40%@DE/Si0,-4@Glass coating after tape stripping test and

sandpaper friction test
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Fig. 17 WCA of OPSZ-PFMA-TMOS-40%@DE/SiO-4@ Glass
coating after 24 h immersion in different pH solutions

(a) WCA of OPSZ-PFMA-TMOS-40% @DE/SiO,-4@
Glass coating

(b) WCA of OPSZ-PFMA-TMOS-40%@DE/SiO,-4@Glass coating
immersed in 3.5 % NaCl for 72 h

(c) WCA of OPSZ-PFMA-TMOS-40%@DE/SiO,-4@Glass coating
after UV irradiation for 72 h
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Fig. 18 WCA of OPSZ-PFMA-TMOS-40%@DE/SiO,-4@

Glass coating, WCA after 3.5% NaCl immersion for
72 h, and WCA after UV irradiation for 72 h
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(a) Self-cleaning of methylene blue by OPSZ-PFMA-TMOS-40%@
DE/SiO,-4@Glass coating

(b) Self-cleaning of methylene blue by uncoated control group
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(c) Graphical representation of various droplets coated with OPSZ-PFMA-
TMOS-40%@DE/SiO,-4@Glass coating
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Fig. 19 Self-cleaning of methylene blue by OPSZ-PFMA-
TMOS-40%@DE/SiO,-4@Glass coating, self-cleaning
of methylene blue by uncoated control, graphical
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Extended Abstract

Introduction  Fluorinated silane coupling agent was generated by reacting 2-(perfluorohexyl) ethyl methacrylate with
trimethoxysilane, and then mechanically mixed with organic polysilazane (OPSZ) to obtain fluorinated modified OPSZ coating
material. Finally, it was doped with micro nano SiO, particles and a durable superhydrophobic coating was prepared using a spray
coating method that is widely applicable to various substrates. The prepared superhydrophobic coating still has a water contact angle
of over 150° after undergoing 360 cm (load of 50 g) sandpaper friction or 12 tape peeling tests (adhesion of 1.75 N/cm), and water
droplets can roll freely like lotus leaf surfaces. This work provides a simple method for preparing hydrophobic/superhydrophobic

coatings with excellent durability, and has potential applications in anti fouling, anti-corrosion, and other aspects.

Methods According to the National Standard of China GB/T 9286—1998 “Cross cut test for film of paint and varnish”, the
adhesion of the coating to the substrate was determined by cross-cutting the film. According to the National Standard of China GB/T
6739—2006 “Determination of film hardness by pencil method for paint and varnish”, the pencil hardness of the prepared coating
was determined using a QHQ-A pencil hardness meter. According to the National Standard of China GB/T 23989—2009
“Determination of solvent resistance wiping resistance of coatings”, the resistance to MEK wiping off the prepared coating was
determined. Tape peeling and sandpaper abrasion were used to test the mechanical stability of the coating. The 3M tape (adhesive,
1.75 N/m) was pressed onto the coated surface for 30 s with a 100 g loading before being entirely peeled off. In this experiment, we
designated the press-peeling procedure as one testing cycle. Every two press-peeling cycles, the WCAs and SAs of the coating were
monitored to evaluate the coating/substrate interfacial adhesive strength between the coating and the substrate. A 25 mm x 25 mm
coating loaded with 50 g weights was placed face-to-face with sandpaper (1500 grit) and pulled horizontally at a uniform speed for
the sandpaper abrasion test. The WCAs and SAs of the coatings were measured to demonstrate mechanical stability after each 40 cm
abrasion distance.

Aqueous solutions of pH = 1, 4, 7, 10, 13 were configured using H,SO, and NaOH, in which the coatings were placed for 24 h
and 3.5% NacCl solution for 72 h to measure the WCA and SA values and to assess their resistance to acid and alkali corrosion and
salt. The samples were exposed to UV light for 48 hours to assess weathering resistance.

The self-cleaning properties of the coatings were tested by contaminant removal experiments on the coated surfaces using carbon
black nanoparticles as contaminants. In addition, it was evaluated how well the coatings cleaned themselves after exposure to red
wine, cola, fruit juice, tea, milk, and coffee.

Results and discussion A durable high-hydrophobic coating based on Fluorinated silane coupling agent-modified OPSZ was
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designed and realized through a one-step synthesis method and spraying process, with a water contact angle of up to 115° and the
coating hardness of up to 4H and excellent adhesion By adding micro-nano SiO, particles, a superhydrophobic coating with a water
contact angle of 156.3° and a rolling angle of 5.6° was successfully prepared. The superhydrophobic coating still had excellent
hydrophobic properties after undergoing 12 cycles of tape stripping or 360 cm sandpaper rubbing test. This was due to the excellent
anchoring characteristics of polysilazane and the excellent low surface energy of modified OPSZ, which resulted in good coating
durability. After being doped with micro-nano SiO, particles, a durable superhydrophobic coating was prepared using a spraying
method commonly applicable to various substrates

Conclusions This coating has the advantages of low process cost and convenient operation and can be used to develop large-scale,
durable superhydrophobic coatings with broad application prospects and practical value. In conclusion, this study provides a new
solution for developing new superhydrophobic coatings.

Keywords hydrophobic/superhydrophobic coating; organic polysilazane; anchoring effect; polymers; nano-silica



