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ABSTRACT: With the rapid development of the photovoltaic industry, maintaining the optimal performance of such energy

devices has become an important issue. In order to improve the self-cleaning and scratch resistance of photovoltaic solar panels
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in outdoor environments, this paper prepared silicone modified acrylic resins with transparent hydrophobic and wear-resistant
properties by free radical polymerization using three acrylic monomers, including methyl methacrylate (MMA), hydroxyethyl
methacrylate (HEMA), butyl acrylate (BA), and silane coupling agent (KHS570) as raw materials. After that, hydroxyl silicone
oil is added to cross-link and cure it to enhance the mechanical properties. Single-factor experiments were conducted to optimize
the ratio of monomer and curing agent. We focused on the contact angle, adhesion, hardness, light transmittance and friction
resistance of the copolymer coating after the optimization of process parameters. TENSOR27 was used to conduct Fourier
infrared (FT-IR) test on the resulting copolymer to characterize the occurrence of copolymerization reaction by the change of
functional groups, and the contact angle was measured by JC2000DF contact angle measuring instrument to characterize the
hydrophobicity of the copolymer coating. The hardness and adhesion of the copolymer coating were measured qualitatively by
QHQ-A pencil hardness tester test and Cross-Cut Tester respectively. The transmittance of the coating in the visible wavelength
band was tested with a Lambda 750S UV-Vis NIR spectrophotometer. The friction resistance of the coating was characterized by
measuring the change of contact angle after different friction times. Finally, the impedance of the coating film was measured
with a CHI660D electrochemical workstation to obtain its dense properties. The results showed that the silicone monomer was
successfully copolymerized with acrylic monomer, and the best process parameters obtained after single-factor experiments
were: methyl methacrylate (MMA) 7.6 g, butyl acrylate (BA) 2.4 g, hydroxyethyl methacrylate (HEMA) 1.0 g, silane coupling
agent (KH570) 1.0 g and 0.1 g of hydroxy silicone oil. The copolymer coating obtained after single-factor optimization has a
contact angle of 106.7° and possesses good hydrophobicity. The bonding force between the coating and the substrate is 0 and the
hardness is H, showing excellent mechanical properties. The highest light transmission rate of the resin coated on the glass
substrate is 92.08% in the visible wavelength band, with certain transmission enhancement performance. Meanwhile, the coating
has good abrasion resistance and denseness. Therefore, we can see that the copolymerization of silane coupling agent (KH570)
and acrylic monomer makes the long chain in the silane coupling agent (KH570) obviously enhance the hydrophobicity and
stability of the copolymer, and enhance the mechanical properties and stability of the coating after cross-linking and curing.
Because the refractive index of each added monomer is <1.5, the coating exhibits certain permeability enhancement properties.

KEY WORDS: transparency; wear-resisting; hydrophobic; organic silicon; acrylic resin
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Fig.1 Schematic diagram of monomer polymerization and polymer curing reaction
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Fig.2 FT-IR spectrum of resin before and after curing
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Tab.1 Effect of soft and hard monomer ratio on resin properties

Experiment number MMA/g BA/g  Conversion rate/% WCA/(°) Adhesion Hardness Vitrification temperature/‘C

1 10.0 0 99.7 79.0 5 2H —

2 9.0 1.0 96.5 75.6 2 2H —

3 8.0 2.0 97.2 79.1 1 HB 71.7
4 7.6 24 96.8 81.6 1 HB 67.2
5 7.2 2.8 97.7 87.4 1 B 62.7
6 6.8 3.2 96.4 86.1 1 B 57.9
7 6.4 3.6 95.5 88.3 1 2B 47.1
8 6.0 4.0 96.2 89.1 1 3B 46.4
9 5.6 4.4 99.4 90.2 1 4B 44.7
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Tab.2 Effect of KH570 silicone monomer
content on resin properties

Experiment KH570/ Conversion WCA . Vitrification
number o ratel% /(%) Adhesion Hardness tempc:éature/

10 0 80.66  76.7 1 HB 67.1

11 0.5 86.33 79.9 1 B 71.6

12 1.0 96.82 81.6 1 HB 68.2

13 1.5 96.16  80.3 1 B 69.0

14 2.0 9817 818 1 HB 68.0

15 2.5 93.34  80.0 1 B 67.0

16 3.0 90.05 794 1 B 69.2

17 4.0 9086 803 1 2B 69.4
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Tab.3 Effect of polar monomer content on resin properties

E . HEMA/ C ion WCA Vitrification
xperiment onversion CA A dhesion Hardness temperature/
number g rate/%  /(°) oC
18 0.2 91.70  79.1 1 HB 58.9
19 0.4 88.59  81.1 1 HB 60.2
20 0.6 98.00 77.1 1 HB 63.9
21 0.8 99.01 79.5 1 HB 65
22 1.0 98.17 81.8 1 HB 68
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Tab.4 Effect of curing agent dosage on resin performance

Experiment  Curing v\ yo) A ghesion Hardness | * U iication
number  agent/g temperature/ C

23 0.16 87.6 1 HB 66.6

24 0.33 89.9 1 HB 65.1

25 0.48 91.4 1 HB 64.8

26 0.68 92.3 1 B 66.4

27 1.05 91.9 1 B 65.6

28 1.72 92.3 1 B 63.8
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Tab.5 Actual values corresponding to the levels of each
factor in the orthogonal experiment

Horizontal number mBA/mMMA KH570/g HEMA/g Curing agent/g

1 3.2/6.8 0.5 0.2 0.1
2 2.4/7.6 1 0.6 0.25
3 2/8 2 1 0.6

*k6 EXKWEIE
Tab.6 Orthogonal experimental data

E);p:ler;il;r;nt mml\/llgl\éli\ KH570 HEMA i‘;z;tg W((S)A/ Adhesion Hardness
29 1 1 1 1 1023 1 2H
30 1 2 2 2 1004 1 HB
31 1 3 3 3 96.7 1 B
32 2 1 2 3 95.7 1 HB
33 2 2 3 1 106.7 0 H
34 2 3 1 2 103.5 1 H
35 3 1 3 2 102.4 1 HB
36 3 2 1 3 98.1 1 B
37 3 3 2 1 102.9 1 HB
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