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Abstract: Based on established high-temperature vulcanized fluorosilicone rubber manufacturing processes and composite

insulator surface treatment technologies, this study successfully synthesized a novel composite coating with
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superhydrophobicity, pollution flashover resistance, and outstanding weatherability. This was achieved through precise
modulation of the silicone rubber main chain structure using fluorination site-directed techniques, supramolecular alloying,
and in-situ polymerization methods, combined with the incorporation of functionalized graphene and diverse
organic/inorganic fillers. Through optimized ratio control of magnesium oxide, aluminum hydroxide, ferrite, isopropyl
aminomethyl methacrylate, fluorinated esters, block siloxanes, expanded graphite, and flame-retardant additives in the
formulation, the coating achieves an initial static contact angle exceeding 113° and a hydrophobicity classification (HC) of
HC1 under standard laboratory conditions. After accelerated aging tests involving continuous water immersion for 96 h, 192
h, and 360 h, the coating maintained an average contact angle (6av) > 100° and an HC rating between HC1 to HC3.
Following a 24-hour recovery period, its hydrophobicity fully restored to HC1.Pollution migration tests demonstrated that
contaminants on the coating surface rapidly acquire superhydrophobicity (Bav ~ 132°, HC1). In third-party Type Tests, all 19
performance metrics met or exceeded current standards, with a self-cleaning coefficient of 99.26% and a minimum electrical
erosion depth of only 0.06 mm. The results confirm that this coating possesses exceptional hydrophobicity, superior weather
resistance, and significant self-recovery/pollution migration capabilities, making it suitable for long-term pollution flashover
prevention on composite external insulation in heavily contaminated areas.

Keywords: Fluorination site-directed technique; Superhydrophobicity; Pollution migration; Composite filler design;

Weatherability
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Fig. 1 Schematic Diagram of Graphene Functionalization Process Route
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Fig. 2 Dispersion of functionalized graphene in water and various organic solvents
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Fig. 3 Atomic force microscopy (AFM) images of graphene nanosheets subjected to different functionalization

treatments
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Table 1 Initial hydrophobicity of coatings prepared with novel anti-pollution flashover coatings

FRASEAL A 0 SZUME C D
ARG G T HC {i
TKEk1 IKER 2 IKEk 3 IKEk 4 KER S fav

No.P-30 113.45 110.22 108.56 112.90 118.30 HC1
No.P-31 108.02 116.31 115.18 110.02 109.78 113.17 HC1
No.P-32 119.09 114.03 113.09 113.58 115.06 HC1
No.P-33 — — — — — — HC1
No.P-34 — — — — — — HC1
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Fig. 4 Initial static contact angle of coatings prepared with novel anti-pollution flashover coatings
2.1.2 KR I 55 R P
HE RIS V5 BT TN B 28 TR /K B 25 25 IR L 96h, 96h Jig B H FH I 4RI s e THI /K 43, i
3 MRPE RS AR A 0 A HC B, Rl 2 MUNE HC H. 2R F4RSHZ N ZRIBK A 48 P K
BEAT 96h (3Lit 192h) AYFFSLE g PRI, IR AR IR AR s R I 7K 73, M 3 i
FERER SRR S 6 A1 HC {H, R4 2 MUIE HC {H.
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Table 2 Hydrophobicity decline characteristics test (96h) for coatings prepared with novel anti-pollution flashover

coatings

FAHS A 6 SHIE C )

IENE R HC 1H
KER 1 KER 2 KBk 3 KER 4 KER 5 Oav

No.P-35 112.00 107.60 114.48 114.48 110.12 HC1

No.P-36 110.18 111.24 114.60 112.00 111.48 112.12 HC1

No.P-37 110.00 114.00 112.00 115.12 112.54 HC1

No.P-38 — — — — — — HC1

No.P-39 — — — — — — HC1

R 3 HRPE NS E R ERKEEES R E (1920) K%

B 5 BrpE SR &

WEM/KMERES 96h KA EAA

Fig. 5 Static contact angle after 96h hydrophobicity decline for coatings prepared with novel anti-pollution flashover

coatings

Table 3 Hydrophobicity decline characteristics test (192h) for coatings prepared with novel anti-pollution flashover

coatings

FRS A 0 STIME C )

IENE RS HC 1H
IKIK 1 IKEk 2 IKEk 3 IKEk 4 7KEK 5 Oav

No.R-35 108.56 104.26 103.04 107.05 105.05 HC2

No.R-36 108.00 107.05 108.30 108.64 106.07 104.80 HC1

No.R-37 102.65 102.48 100.48 100.12 100.23 HC2

No.R-38 — — — — — — HC1

No.R-39 — — — — — — HC2
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Fig. 6 Static contact angle after 192h hydrophobicity decline for coatings prepared with novel anti-pollution flashover
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Table 4 Hydrophobicity recovery test for coatings prepared with novel anti-pollution flashover coatings

AR 0 SEIME ¢ )

RS HC
IKEk 1 IKER 2 KER 3 KEk 4 KER 5 fav
No.P-39 114.12 115.30 112.24 112.08 114.30 HCI
No.P-40 110.36 114.34 112.12 112.36 113.42 113.19 HCI
No.P-41 112.54 112.24 111.48 114.79 116.16 HCI
No.P-42 — — — — — — HCI
No.P-43 — — — — — — HCI
TGP B[]

u

samnans | | senenn |

B 7 BRSNS R R K IR R RS A

Fig. 7 Static contact angle after hydrophobicity recovery for coatings prepared with novel anti-pollution flashover
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2.1.4 PEKPERIERFEMERL
BEAF IR BRI 5 MR #2305 0.1mg/em?, K% 0.5mg/em? 4T 4%i5, T4 96h J5 &= H
3AMRPERIER S/ 0 AT HC M, H4 2 AMUIE HC 1.
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Table 5 Hydrophobicity transfer characteristics test for coatings prepared with novel anti-pollution flashover coatings

FRAS A 0 SEIME ¢ )

IENE RS HC 18
IKER 1 IKEk 2 IKEk 3 IKER 4 IKEk 5 Oav

No.P-44 132.40 135.10 129.80 135.42 131.50 HC1

No.P-45 125.30 134.90 132.60 134.10 131.60 132.35 HC1

No.P-46 132.50 134.40 130.90 134.10 130.70 HC1

No.P-47 — — — — — — HC1

No.P-48 — — — — — — HC1

B 8 FAURGTE NI EH & i B R K T B M E S A
Fig. 8 Static contact angle after hydrophobicity transfer for coatings prepared with novel anti-pollution flashover

coatings
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