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Preparation and abrasion resistance properties of EP-PDMS-PVDEF-SiO,

superhydrophobic composite coating

JIANG Lihua™?, LIN Yifan?, SUN Jiajin?, GONG Mengtian®, TU Kai' , CHEN Yutong',
XIAO Ting', TAN Xinyu™
(1. Key Laboratory of Inorganic Nonmetallic Crystalline and Energy Conversion Materials, College of Materials and
Chemical Engineering, China Three Gorges University, Yichang 443002, China; 2. College of Electrical Engineering & New
Energy, China Three Gorges University, Yichang 443002, China)

Abstract: Improving the sandpaper abrasion resistance of superhydrophobic coating is of great significance for its
application. Therefore, a superhydrophobic coating with exceptional abrasion resistance was prepared by utilizing
epoxy resin (EP), polydimethylsiloxane (PDMS) and polyvinylidene fluoride (PVDF) as binders in combination with
four types of nano-sized silicon dioxide (SiO,) particles as primary fillers. Moreover, micron-sized SiO, particles
were incorporated as auxiliary fillers to enhance the abrasion resistance of the coating. In this work, the sandpper
abrasion resistance of the coating was systematically tested and analyzed. The results of the contact angle test
demonstrate that the contact angle and rolling angle of water droplets on the coating surface remain within the
range of 156°-165° and 2°-4°, respectively. Sandpaper abrasion tests reveal that 2 um or 5 pm SiO, particles can en-

hance the sandpaper abrasion-resistance cycles of the coating by 2-3 times. Additionally, it is observed that the grit
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of sandpaper also affects the abrasion resistance of the coating. If the coating loses its superhydrophobic properties

due to abrasion with 9 pm or 6.5 pm grit sandpaper, these properties can be restored by the abrasion of 19 pm or

11 pm grit sandpaper. However, if the coating was abraded by 38, 19 or 11 pm grit sandpaper, the superhydro-

phobic properties cannot be restored with abrasion of any grit sandpaper. The result analysis shows that small grit

sandpapers are more likely to damage the hierarchical micro-nano structure on the surface of the coating. However,

this structure can be recovered through the abrasion of large grit sandpapers. Meanwhile, the sandpaper with large

grit tends to induce the coating to peel off from the substrate surface.

Keywords:

nano rough structure
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Fig.1 (a)Process flow diagram of the epoxy resin (EP)-
polydimethylsiloxane (PDMS)-polyvinylidene fluoride (PVDF)-SiO,
coating synthesis; (b) Schematic diagram for the sandpaper

abrasion resistance test
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Fig.2 (a) EDS spectra of the EP-PDMS-PVDEF-SiO, coating; (b) FTIR
spectra of the various raw chemical materials and the EP-PDMS-
PVDE-SiO, coating
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Fig.3 Optical images, water contact angle (WCA) and water sliding
angle (WSA) of different droplets on the surface of the EP-PDMS-PVDF-
SiO, coatings with different micron-sized SiO, particles: (a) 0.5 pm;

(b) 2 um; () 5 pm; (d) 10 pm; (e) 20 pmy; (f) 35 pm

4 (a) EP-PDMS-PVDE-SiO, IfJZ M5Bk AI [ 35 7Rk (b) EP-PDMS-
PVDF-SiO, If)/Z24R48 ST 4

Fig.4 (a) Bouncing and self-cleaning properties of the EP-PDMS-PVDF-
SiO, coating; (b) Silver-mirror-like reflection phenomenon of the EP-

PDMS-PVDE-SiO, coating
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Fig.5 SEM images of the surface morphologies of the EP-PDMS-PVDF-

SiO, coatings with adding different size SiO, particles: (a) 0.5 pm;
(b) 2 pm; (c) 5 pmy; (d) 10 pm; (e) 20 pmy; () 35 pm

TR 2 1 WCA I WSA Fifi JBE 45 i I A2 fh it 4. e
B AR SF K 2 Si0,, UKL 14 J2 114 TR 128 452 1k Rk
K 359 726 A ) AR # 40 F AH [R] 422 foh 16 5% (3.3 kPa)
MIAAE T AT o BEAl, S HERR TR 2 5 B ) U 2 T
JEE JEPE BB 5 ), 0 5 4 D R T S
i i 2R R AT REAHTE] . M BT 6(a)~6(e) F i,
X FAN [ BE D AR A BE 48, B 2 Bl — > LM R
fE, EI54 0.5 um SiO, Wik AR ZM L, &F
2 um Fl 5 um SiO, FUk: ¥ J2 i JBE 82 J& 0 45 T e Ay
BE, WMEHYEExR, XF&A 0.5 umSio, Pk
MU 257 519 38, 19, 11, 9 F1 6.5 pm Fi 5 70 4K
JEE YRR B R A SR A 3 S 20 7. 9. 22, 26 Fil 30 1K
SANIRAWE, X TE&A 2pm (5 5 pm) Sio,
UKL R 25, X I 1 L EE 4 S 401 43 0 20k 13, 28
60. 70 180 Ko XFIMILAN 2 um (2] 5 um) Si0,
UKL BE 3 B TR IR 2 M RD AR EE AR M RE . Bl dn
X 11 pm K7 BE R ACAY BE 82, SN 2 pm SiO, kL
T2 RO BEE FE 1 60 YK, BEEIE BT 54 m.
5530k [2] B2 AR A EL, AR T AERE SRR
T B EEEPE R . SR, X E TR EEEW
JE, 9um Fl 6.5 pm K7 BE 0 4 I JBE 45 5 vk At R

538, 19 il 11 pm FiE PR TE,, XEKTE )G
LZENETITIE . X TR AU E, T
R X AT LR B E A 2 pm 58 5 pm Sio, i
PR JZ I S B R W BOUL T &% A 0.5 pm Sio, i
BIRZ 2~3 1%, SRTT, 24 Si0, ik R~ K F 5k
FTF 10um B, 5E4 0.5 um SiO, L 14 )2 HH
P, W2 R R SE I EOR BE R . X R
R V2 T R 4 R 5 T S N R TROR 9 S10, URE 11
BrEIME, HA, K 7R T A M E R S
K R S0, UKL 1) ¥ 22 9 AN [ b B 40 4R 12 482 )5
WCA FIWSA R Fith k&l AR, [ 8(a) FI 8(b)
WA H T A 2 um 20 pm Si0, kL 1 14 2 75 BE
B AT YRR, YA 8opm &£ 47, bR b, X
BB 3R 0 JE BE AR A R A SR PR RKR 2E R
MIEL 7(a)~7(F) 7T LA EE 21 BT A AR AR 2w H D AR
RLRE N, PR R IIAGE £ o X LA 2R 48
B, BT FE B 9 pm 3K 6.5 um kL i RD 4T EE {52
3~5 N JH 5, WCA ¥4 B3 K 2y 140°45°, WSA
F 3 m B K2y 200430, B L BH KRR, A
R, kA B K PE AR 09 R )2 T B 38 pm.
19 pm 5 11 pm R B2 D 40 B8 45 1~2 A il 1) )5 H
B K P RE X REFRIRIR & . XA, HIR)ZPE 9pum
5 6.5 pm R BE AP AR EE 45 0k 25 g K M e S B AN
Wi & 38 pum. 19 pm 5§ 11 pm K7 70 48 17 B2 18 e
itk 2 1 TR 4 T DT A0 e 2 G

KA TEF2E, T 9pm ¥ 6.5 pm ki B fib 4L
BIEESE, &l 6 FEL 7 R ITF AU E K & Mk b fE
JE R R, ik, ER e FE 7, X
F 9pum 5 6.5 pm R FERP AT, W JZ 04 EE 45 R 4L
R KR B D 4R 22 R R 4 el LR g K M R K R
Jo B R SR R, B EE A SR BOR B RN E W
7 L 7K M BE AN BB P UK A R SR A K, TE
T R A AR 1 JEE 4 BB VK 2 T ) g K M R A B
SAESCHE [25] P AT THGE . i TAEA SRR
YR O IR R R M RE A W] R MR AL/, XU TR
J2 B B KA BB 0 WK 52 0] RE VR T RO B A A 17 JEE 42
RE A IR 2 R 2 S AR 254 o X RIS
TR T h gt — 2 igiE . XWERY, 5
38pum. 19 pm Al 11 pm %7 B @0 4040 b, 9 pm 5%
6.5 pum A7 I AP 4R 1) FEE 45 T B X R )2 2R 1 2 PN
FLRE 250 B Home M . XBE, R 2 W 9pm I
6.5 um i R 4C A BE 52 3~5 A A ) i e gk Ak 25
B B K e .



#4144 . EP-PDMS-PVDF-SiO, # i /K & & 1k /2 B9 il £ 5 i e 8 1 i - 365 -

30 30
165 @ WCA 165 ®) WCA
o 0.5 um-—&-2 pm | 25 25
. ~&-20 pm <435 um |
155 20 155 20
EC/ 150 — —/'— — — — Ll N — 15 \é/ EC/ 150 15 \é/
(é) -M-0.5um-®-2 pum fAfpm g (é) g
145 | -¥-10 um -9-20 um-<« - 35 um 145
= &~ f“ —9-
140 | 4 :3/ 4 140
%i% {5 5
135 | i 135
1 1 1 1 1 1 1 0 1 1 1 1 1 1 0
0 2 4 6 8 10 12 14 0 5 10 15 20 25 30
Cycle Cycle
30 30
165 F(© WCA 165 D a WCA
- 0.5 um—©-2 um —A-5pum - 25 =05 um—&-2um | 25
160 | —o 10 pm —-20 pm-—<- 35 pm 160 - ~A-5um —w- 10 um
= i 5 20 um —<4 35 pm |
155 20 155 | = o H 20
o 6\ 6\ A 6\
< S < WSA N, - = <
< 150 [— — 15 < < 150 [— é — — 9 AN— — — — — s — 15 <
§ g (; -H-05pum-®-2 um -A-5pum g
145 10 145 |-V 104m @ 20 md-3Spm - _ 10
140 140
45 5
135 135
1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 70
Cycle Cycle
30
165 (© WCA
—#-0.5 um-—&-2 um 4 25
160 - —A-5um —-10 pm
1ss | ©-20 pm —<4-35um| 5
e N >
2 150 VA _SddEe, oA — 15 <
Qg) ~-H-0.5 um-@®-2 pm -A-5um §
145 L ~¥-10 um -@-20 ym-<- 35 um
T . 3;‘7' PPYY L Ll i
140 | BT od ’Q-Q“‘
42 T‘A‘ 153
135 i/ ad
L L L L L L L L L O
0

10 20 30

40 50 60 70 80
Cycle

[¥ 6 EP-PDMS-PVDF-SiO, I/Z WCA Il WSA FfEE 2 RV ZEfL I 2R 1B . BT A & A AR RSHECK 9% Si0, JikiiY EP-PDMS-PVDF-SIO, iR/

KA R RV AREE B . (a) 38 pm;
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Fig.7 Changes of the WCA and WSA after that the EP-PDMS-PVDEF-SiO, coatings with the same micron-sized SiO, particles were abraded
by the different grit sandpapers: (a) 0.5 pm; (b) 2 um; (c) 5 pm; (d) 10 pm; (e) 20 pm; (f) 35 pm
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Fig. 8 Thickness of the EP-PDMS-PVDF-SiO, coating with the addition
of 2 pm (a) and 20 pm (b) micron-sized SiO, particles

7 — i LA
9 38 um K (a) Ml 6.5 um KL (b) Hb4LE 1 SEM L5
Fig.9 Surface SEM morphologies of 38 um grit (a) and
6.5 pm grit (b) sandpaper
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Fig. 10 Surface morphologies of the EP-PDMS-PVDEF-SiO, coatings with
adding 2 pm (a) and 20 pm (b) SiO, particles which were abraded for 3-5
cycles by 38 um grit sandpaper; Surface morphologies of the EP-PDMS-
PVDEF-Si0, coatings with adding 2 pm (c) and 20 pm (d) SiO, particles
which were abraded for 3-5 cycles by 6.5 pm grit sandpaper; After
abrasion of 3-5 cycles with 6.5 pm grit sandpaper, for the EP-PDMS-PVDF-
SiO, coatings with adding 2 pm (e) and 20 pm (f) SiO, particles, the
corresponding EP-PDMS-PVDE-SiO, coating surface morphologies
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Fig. 11 Surface morphologies of the EP-PDMS-PVDEF-SiO, coatings with
the addition of 2 pm (a) and 20 um (b) SiO, particles which lose their
superhydrophobic performance by the abrasion of 38 pm grit sandpaper;
After being re-abraded by 11 um grit sandpaper, the surface
morphologies of the two EP-PDMS-PVDE-SiO, coatings which have been
abraded by the 38 um grit sandpaper with the addition of 2 pm (c) and
20 pm (d) SiO, particles
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Fig. 12 Changes of the coating mass loss R per unit substrate area of the EP-PDMS-PVDF-SiO, coatings with different micron-sized SiO, particles
which were abraded by the different grit sandpapers: (a) 0.5 pm; (b) 2 pm; (¢) 5 pm; (d) 10 pm; (e) 20 um; (f) 35 um
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Fig. 13 Adhesion test results of the EP-PDMS-PVDE-SiO, coatings with the addition of 0.5 pm (a), 2 pm (b) and 20 pm (c) SiO, particles; Changes of the
WCA and WSA of the EP-PDMS-PVDEF-Si0, coating after the immersion in acid/alkali/salt solution (d), the ultraviolet radiation (e) and the treatments

at 180/-20°C ambient environment (f), respectively
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