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Study on properties of FEVE-based fluorocarbon resin at room
temperature curing for anti-pollution flashover coating

LI Wenjing, WANG Xiaoming, YAO Shuo, ZHU Gengzeng, LI Xingeng
(State Grid Shandong Electric Power Research Institute, Jinan 250002, China)

Abstract: In order to guide the selection of fluorocarbon resin film forming material cured at room temperature in the
development of anti-pollution flashover coating, the structure and properties of fluorocarbon resin film forming materials
were characterized by FT-IR, AFM, UV ageing, thermogravimetric analysis, contact angle test, volume resistivity and high-
voltage capacitor bridge. The results show that the optimal mass fraction of curing agent for FEVE-based type I and type 11
fluorocarbon resins are 19% and 24%, respectively. Under the optimal curing agent content, the contact angle of FEVE-
based type I and type II fluorocarbon resins are 91° and 104°, respectively. After UV ageing for 800 h, the appearance color,
hydrophobicity, hardness, adhesion, thermal decomposition temperature, and molecular structure do not change. After 30
min of ultrasonic fog wetting, the AC wet lightning voltage of fluorocarbon resin is about 25 kV, indicating that the FEVE-

based fluorocarbon resin has excellent electrical insulation properties and ageing resistance, and is a good base material for

the development of antifouling flashover coatings.
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Fig.1 Effects of curing agent content on the electrical

insulation properties of FEVE-based type I fluorocarbon resin

M1 RT AR Y B AR R, B
(A R R BH 20 52 20 186 K s (1) 34, A L ORD
A J5E A5 RE DR B S ek i B O A . T B R
[l A0 7R ) B 1, B %0 BT Ak B 8 0, B o ) R R4
SbERE O . (2 L ELFIS 2 e — e R,
5 B IR S S R 27 B N T LI, B S A H
w5 BORA Y TR AR R 50 2 ) 3 K, 3% 3 52 fl T [ 4k
) B N, R R R AR R B M R R T
TR S AR A R K 43 725, AT 5 BORE B A
P, RN A JOT 40 R DR B0 K, T PR AR 5 1 e TR
K. HILELEEHERSLGMIERITR T, e
FEVE 3 1B i [ A6 77 1) B A 2 2 50N 19%
22 EBEMFIE= BRI/ FEVEE TR &

TR B L S e 25 M BE RO S2

[i] 4k 751 & B % FEVE 35 11 8 U A i Fi /< 48 2%
PERE [ 52 W1 B 2 FroR

M 2(a) FT LA HE, [ 46 751 53 5 20 E0 N 16% 3

T E 19% B, B & 16 A AR A BH 2% 2 AR LR R A AR
A 3751 J5 R i Ak 5 184 T 3] 249% I, B S 6 44 AR ELBE
2K B B K, Bl T AR & B — 2R, B
IR H R LT B, R sl . MW
2(b) AT LA HY, FF i 100 A0 H o E50R A Jo 453 K DR 2B
5 [ 4 700 5 5 O o 52 B 2 48 K /S T K
(108 B, 224 [ £ 7)ot = 43 BN 24% 36 0 21 28% K
FE i B HU B0 1.6 39 K 21 2.4, /i o 45 FE TR 4
0.80% 1 K 1.00%. X —I %5 FEVE & I B4 # %
BT e AR I R A — B, U B AR R o & ) [ A7
XTSRRI B AR e P ERE AR IILAE SR &
JEH AL MERENIATIE T, 4 %8 FEVE % 11 24 %%
B g ] 7] P e A T 0 BN 24%
23 BEEMEEREIGKMEHR

e BB AR A A0 1 [ A4 7R S %% FEVE %2 144
AT BRI A o, FE I A b IR 1 A MR 7, 45
FWRFrN. WK 1ATCLE W, 3% 385 %R 10 0 £ fik
N ST RERR R B TS TN R ORE I B Ak AR D 1087,
FEVE 2 T 8 5505 4 I 1) 42 ik /1 9 91° , FEVE & 11 24
ST R TR B2 il A D 104° o P AR SRR AR R 1 B ik
£ 3535 B8 K M R T R, o FEVE 2 1189
T B G 1 22 ik A B B0l R AR IR B 75 IN R o
Wi B A A v B A A 5 3 B A IR SR T RE AT -4
iikickt RSP



38 ZESCTHEE « BT ISR TR B A6 FEVE JE SR Hi 1 RE F 7T

igFR 2023,56(11)

R HRREEMANESER

Tab.l The surface contact angle test results of samples

RS Ffl /(%)

WeH 57

RTV 108
FEVE 5 TR GUBA fig 91
FEVE J& 1T B &R g 104

T3 JE T R OB CAFMD G R 3R T 1 T 55
BEAT AL, 45 RN 3 Fiow

Hfium 268
|22

Bfum 672

46 T

(b)RTV

A um 345

(c)FEVE 5 I AL &Rk fi ()FEVE £ I 5 5055 4 i
3 AFM X @R E R SRR
Fig.3 Morphology of sample surface characterized by AFM

M 3T LG, B SR TH 45 407 5 RTV A
B bt g 26 T 22 = AR AR AR R, BT KA — 1“7
S5, I HLR I 2 Th AR RS 5 2 5 e fd A K/ BRI
HAH— B, K Wenzel BEAY , 4 J1ig 2 1 42 fnk £ 1) 1
K BH T 3 THIRH RS P52 7R 184 I 4 vy 1 ] 9 2% i 1 A7
DA [ 05 7 T 0T A 2% e B 1R DT R
24 #mEERBEZLEREMR

K0 Ao % i 2% 3 2 i, 23 0l B id 9 Black
Samplel F1 Sample2. # Black /E A X2, B T &
feAE Y, BEAT G AL B, A8 AN 52 50 A 4 1) HEURE
Samplel #1 Sample2 £ A 1K 56 41 , 7E % K 24 340 nm
5 A 2R RO R AT 2 AR RE R 7T . 2 AR B iR
FE R 50°C , BERE 100 h, K 3 2T i B HS 4R AT 2 i
FARAN AN o 3 LA 22 Ak B ik 7 D5
RunlE 4 pros. WK 49T LUE H, FEVE 25 1AL
TP i B 5 2 A0 I 1) AL 0 b 39 011 21 800 h, 5 i 1 %
filh £ 35 R FFAE 90° I A5, HF R K AR B B B AL
FEVE 2 11 2 55 Bk 44 Jli5 B 25 22 A0 IS 18] A0 h 3 o 21
800 h, F fis R Ak Ff1 AR 25 PR FFAE 100° ~110° 0 GBI
B 2 AHT 5 TSR i & 5 s . AL S
A LLEH S, 224k 800 h 5 B AR 2R THI B8 R K

AR RN R S IR AL TR RIS R . Eid
BB P AN RIS i HEAT R i R AN DL 22
PTG R i B RE FEATS DR AE 2 H, BT JI4ERRAE 0 2

904 ¥ : g: : —-—glackl
_ 804 +s§$§12§
& 70l
&
5601
50
40+—, : : : :
0 200 400 600 800
i a] /b
(a)FEVE 2 1 24 505 04 i
120-
] et
100+ +§laCkl
—~ —— 1
:E 90+ S Sample2
80
&
3 704
60
50
40

0 200 400 600 800
I [8]/h
(b)FEVE & IT 74 G085 W i
4 ZALETEIXT E B AR 1 R A Y RN
Fig.4 Effect of ageing time on the contact angle of

fluorocarbon resin

(b)FEVE & IT 74 G085 W4 g
5 #4800 hEREMRMAENFIRT L

Fig.5 The morphological changes of fluorocarbon

resin after ageing for 800 h

T[] 25 B 43 T ORI 204 6 B SRR 2 A
800 h Hi < J& M PR 5 M R0 45 M 3R AT 40 BT AN RALE , 45
RunE 6 ME 7. ME6RTLLE i, FEVE £ 1
TR TT 7R S T A4 I 22 4k 800 h JiF 1) JES 46 30 il i, i
Gy fift T8 g DR (R S S A A — B R R AR
5 U BH B A I 22 A 5 T DR R AR O S 0 R
Yo MW 7R CLE 2T JE , FEVE 2 1 2 f 11 7Y



@EFR 2023,56(11)

ZESCHREE - T ISR AR AL FEVE JE G i 18 RE F 72 39

BB i PR 2L 1 Dl i AR A A TR A Ve 3 2 sk /b 1
LG, Ul W] AL AT S B 2 T a5 OF R R AR
B

1201 386.9C A ——FEVE
: ——FEVE-I#1b )5
EIOO-
£ 501
=
5 601
1)
& ]
% 20
07 i
0 200 400 600 800 1000
g/ C
(a)FEVE 2 1704 G 4 iy
4 o ——FEVE-II
140 3/41C) —FEVE-IIZ{L)5

0 200 400 600 800 1000
g/ C

(b)FEVE 3 IT B G505 B i
6 FERAEZ 1L 800 h AT /FHYAE S ik El
Fig.6 DTA spectra of fluorocarbon resin before and

after ageing for 800 h

FEVE-IIALG
%

FEVE-IZAL G
—\

FEVE-II

A%

FEVE-]
OV

i

4000 3500 3000 2500 2000 1500 1000 500
W/ (em)

7 ®EEFIEZ K 800 h BRI KL E
Fig.7 FTIR spectra of fluorocarbon resin before and

after ageing for 800 h

DL g B, FEVE 22 %o IR 72 285 800 h
B AN A G, AL €S A K P R R LB T A
FaoE MRy TS5 AR R AR AR AL, B R 1 &
R
2.5 FEENAEFERBIA TR NS AR

BAEmE T AN TSR N, R A Z
J5 2 I A 5 30 min, IR SRR AL IROIRZS W B 8 B
o M 8T LLE H , K 7E 3% 35 . FEVE & T 21 45
T i \FEVE 2 1T 2Y S A IR \RTV ()5l Ji& Tl AR IR
WU/ S 3X S5 R T TG KRB DA G . B R

TH PR i £y S5 /0N, AN 57, BT DA i 8 HG 2 T 11
JeE i AR e K K 2 18] 3 ERIR s FEVE 2 1 i e
A i 2 THD P B2 ik A 9 91° 5 B AAH L 353 35 1T, 7K
" e T AR K 0 5 SR B 4 1R 7K 23 AT s FEVE
L 11 R AR T 42 fich #7929 104, 7K 35 i Jee T AR iE —
AN A AR LA T 2 B S AR (K 0 A s RTV
U J2E 2R THI I 2 i £ 15 31 108, 7K E HE 2R 170 43 A 11
a4 R RERE — AR T B R M pUIE R R R, X
2 RTV i J2 B A 3 1 B 5 TN VR RE 55 8

—

(a) PR M

(b)RTV i

(c)FEVE % 1 T &0 55 b T
8 GHIE30 min FHEMERERE

Fig.8 The surface of samples after wetting for 30 min

(d)FEVE 3 IT 8 S I

W49 12 30 min S5 FIFE S AN TIREEFE L
BT AR e R B 9B, L1 kV/s )35
ST B 2 N 4%, LA S 7E A I FEL 3 T 38 TN
e, g5 R 10 fros . AWK 10T BLE H, RTV H
T I8 A B IR R i, B TN L R IS 31 32 kV .
FEVE 2 I 284 70 11 284 A% i (49 TN 26 | IR 351 7E 25 kV
e A, I T B EE I N 4% W IR, X 5 K i AE SL R
() 43 A RS B VAR 9% o T B 385 2% T 100 18 /K P %
22 5 K3 T 2% TH Al e T ARUEC K, 8 5 o 32 T e
M3 a5 K kAR AR T B 5 7 L 3R THT T B %, A
T BN 48 2B 5 T 98 i AR I 26 T |l T 492 i ¢
K5 KA BE AL 57 I A 3 THT 1) il R T AR /DN 5 7K
T AE I AE B R AR T 1 B 26 BT 55 1 H R 5 3 1
FETH B R, AT R I HE B R I 48 F e o B i
YE N B 15 TN R T R B B4 B A = B i v
PR RS KR T 28 B T, S 482 30 o v o R0 25 1) R
R 53 AT 3E — 2 4 v R ) T B ik AR R B U I
B, FETFIN 28 FLUE , RAS SEAR S IR B v T AR

3 i
T I oA [ AT B 4 T — R YA FEVE 3



40 ZESCHA - BT N URORE I I £6 FEVE JE 5B 15 1 RE BT 5E

igFR 2023,56(11)

B9 FATIRER
Fig.9 Parallel plate electrodes

357
304

254
204
154
10
5
0

B RTV  FEVE-l FEVE-II
Ff it
El10 Hamr)N%EE
Fig.10 Flashover voltage of samples

1784 R TT 7Y G60 R B AR FE &, BF 90 T AL R A =
FEVE J& 55 A4 H R 248 25 1 A8 10 52 i B0 43, o
FEVE 2 T 4 %R A% i [ 1k, 770 (9 55 (2 0 & o0 200
19%, FEVE 2 11 2 55U 4% i [ 44 751 1 e £ o & 29 4
N 24%. {ERAERFE & &, FEVE 2 1A A 11 Y
SR AR R KA — IR0, 456 3
IR TH AeREVE , Ho R B Al A 20 531 v 91°F 1047, A
AR AN . 2800 h 42405, BRI s
(11 g 250 A R A W AR Ak, B AR R 1T 2 1k
BE. ERZW I T, 25t 30 min 1 A 1)
SRR i R0 T 2% R R AT Rk 25 kY, B R S BT
RE-ZER G

SEHk -

[1] CHENJ W, LI B, ZENG X M, et al. Study on the influence of

[N 2% HL R /kV

accelerated aging on the properties of an RTV anti-pollution flash-
over coating[J]. Polymers,2023,15(3):751.

[2] WANG Z, YIN C S, L1 J J, et al. Electrochemical impedance
study of water transportation in corona-aged silicone rubber:
Effect of applied voltage[J]. Journal of Materials Science,2018,53
(18):12871-12884.

[3] R AR EEE T ARMX RTV B 5 N i 2 KRR v 30
ST, 4a AL, 2017,50(5):73-79.

[4] 2V, b 740 XA, 55 RIS I B & 48 2 1) H I g
AL TET]. 42544 K,2018,51(3):46-52.

[5] W2k BNILE e AT AR mrE B F A E TERIR B &
2251 T[N 4% L A B2 1], 482044 81,2020,53(6):51-56.
[6] By X, mls 358 150 B R H 2 EAR FH R REAG B LR 2 A
S5 R 265 Ha, P 5 W AT L[] 6 2564 K1,2018,51(12):59-66.
[7] W2, E A XI5, % AR R R AR IR R 3h R 4a % 1R 1H
P KR VERE TE[D]. 4250 £1,2022,55(1):47-51.
[8] ZFiZfE AR AR KA . L IE 16 FEVE SRS B 45 4 |
AP L[] R B AR 5 309H,2009,30(11):19-24.
[9] ZFigfl, 245 ARKAE B IR [E 1k FEVE SRR IR KL ) 27 11 Re F 9
[71. %6 Tk, 2009,39(1):30-31.
[10]  ZE2e%: . AR i 75 3 24 s S iRk h I R D] R 2 5B 4,
2018,39(12):39-42.
[11]  SERE R TE A RT55  —Floids W i A 3 (0 Rk 7 bl 5
J L5 6 M BB AL (0] B 5 1R 11,2019,39(6):306-310.
[12] WANG X M, LI X G, LEI Q Q, et al. Fabrication of superhydro-

e 1

phobic composite coating based on fluorosilicone resin and silica
nanoparticles[J]. Royal Society Open Science,2018,5(7): 180598-
180756.

[13] WUY P, LI X G, MI C X, et al. Preparation and characterization
of perfluorine-SiO, nanoparticles and superhydrophobic fluoro-
silicone/silica hybrid composite coating[J]. Applied Physics A,
2019,25(4):250.

[14] WANG X M, LI X G, LEI Q Q, et al. Influence of alternating
current(AC) corona discharge on the superhydrophobicity of
SiO,/fluorosilicon resin nano-composite coating[J]. Applied Sur-
face Science,2019(478):642-650.

[15] bl g, 2= b e, 55 . B 9K TiO,/PTFE &2 4 S By 5 A
JZE I 2 S AR RELT]. M RHRS,2015,48(11):11-14,40-41.

[16] #7140, e R, X G %, 58 B 23 0 45 K ZnO- 51 R Ji e i
KR THT A i) 45 BT FE [0, A6 TR B A R, 2018,46(6):65-69,73.

[17] #4568 B K ZnO- S B W IR 52 4 B4 il 46 5 1L e W 72
[D]. e stAL st Tk 24,2018,

[18] B . bra K St SR FURR IR B BE B RZ M [J]. T MAL
1.,2014,42(21):91-92,98.

[19] 14 Al i, X H 6, 22 LR, 55 . 48 K G000 B0 % S A I o Rt 7K O
J T HL U R R IR (0], 5564 8F,2020,53(4):1-5.

[20] TR, SO R, A A AR R & A e HI B S R R
A 2 B PERELT]. FUBEE S5 R 165,2020,39(20):1444-1450.

[21]  JEKE B AN, A AR IDETR X 9 5 DA R B A R R 1R 5 i
W FELI]. 9 B I K 2 AR B2 2441,2013,36(4):57-62.

[22]  BROLT GRG0 Ik SR TE By ¥ DA AR IS0 FH R 98 [0, BB
5304,2015,36(11):39-42,46.

[23]  JE7K &, B, 5 5,55 TiO,/PTFE Bt SRR B 75 [N i J2 41 kL
FIBE L], h R 2 A4 (2R B 54AR),2015,46(2):452-458.

[24]  FMGE R, PR U, A R R K R THT O N B R W Sk e
[37. [ 2 i TRE,2022,35(1):53-71.

sis HHA:2022-11-30; 18 [ HHA: 2023-03-02.

{EZ RN : 2% (1988-) , % (3% ) , Ly A IR A, S A L4207,
EBNE D TR AE G FRL, CIEIE AR AP AL SN B AP A
FEH R T,





