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Service Performance Evaluation of Graphene Modified Heavy
Anticorrosive Coating on the Surface of Transmission Tower
under Harsh Marine Atmosphere Corrosive Environment

CHEN Zhiyu*? GUO Xiaoping? SHUI Xiaoxue?> JIANG Jiong® ZHOU Kaihe® LIU Shuan?
(1. State Key Laboratory of Organic-Inorganic Composites, Beijing University of Chemical Technology,
Beijing 100029, China;

2. Key Laboratory of Marine Materials and Related Technologies, Ningbo Institute of Materials
Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China;

3. State Grid Zhejiang Electric Power Corporation Ningbo Power Supply Company, Ningbo 315201, China)

Abstract: The transmission tower of the State Grid are usually constructed of galvanized steel. The galvanized layer can inhibit the
corrosion of the substrate and ensure the long-term safe service of the transmission tower. However, in the harsh marine industrial
atmospheric corrosion environment in coastal areas, the galvanized layer on the surface of the transmission tower is prone to rapid
corrosion failure. Therefore, a surface-tolerant grapheme modified heavy-duty anticorrosion coating system is developed for corrosion
protection, including surface-tolerant graphene anticorrosion primer, epoxy graphene barrier intermediate coating, and polyurethane
weather-resistant top coating. The comprehensive performance of coatings is investigated by laboratory performance Coating

performance, environmental assessment tests, and application in actual projects. Test results show that the prepared graphene
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modified heavy-duty anticorrosion coating has a good barrier property to water penetration, surface-resistant construction
performance, salt spray resistance for more than 5 000 h, and remains intact after 4 200 h of cyclic aging test. After coated on the 10
levels transmission tower (North 2321 Line, State Grid Ningbo Power Supply Company) for 54 months, the gloss of composite
coating has been reduced, the color of the paint film is 1 grade, the adhesion obtained by the hundred-grid method is between 0 grade
and 1 grade, and the pull-off adhesion is between 8.56 MPa and 11.37 MPa. The graphene modified heavy-duty anticorrosion coating
is expected to have a comprehensive protection life of more than 10 years for transmission towers in harsh marine atmospheric
corrosion environments. This paper studies the actual service performance of the graphene modified heavy-duty anticorrosive coating
system, which realizes the long-term corrosion protection of the transmission tower in the harsh marine atmospheric corrosion
environment, and provides a reliable way for the long-term corrosion protection of power grid facilities.

Keywords: marine industrial atmosphere corrosion environment; galvanized transmission tower; protection mechanism;

grapheme modified heavy-duty anticorrosion coating; service life
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Table 1 Construction procedures of anticorrosion coating for transmission tower

Thickness of

Coating type Coating name Recoz;t;ngcint/er:val at rle_gzﬁresd single-layer coating
after drying / pm
Primer Surface-tolerant epoxy anticorrosion primer 8-120 1 100
Intermediate coating Epoxy graphene barrier intermediate coating 16-Unlimited 1 100
Top coating Polyurethane weather-resistant topcoating 16-Unlimited 2 40
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(b) Coating exposed after test
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Fig. 1 Pull-off adhesion test of graphene primer
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Table 2 Performance parameters of surface-tolerant graphene anticorrosion primer

No. Coating performance Test standard Test results
1 Appearance Visual Flat
2 Fineness / pm GB /T 1724—Part 4 45
3 Solid content / % GB/T 1725—Part 6 55
4 Drying time at 25°C / h GB /T 1728—Part 2, Part 3 Surface drying—2; complete drying—24
5 Pull-off adhesion / MPa GB /T 5210—Part9 13.15
6 Flexibility / mm GB/T1731—Part 8 2
7 Impact resistance / (kg « cm) GB /T 1732—Part 7 50
8 Resistance to 3% NaCl solution immersion for 7 d GB /T 1763—Part 3 No blistering or spalling
9 Resistance to 5% NaOH solution immersion for 7 d GB /T 1763—Part 4 No blistering or spalling
10 Resistance to 5% H,SO, solution immersion for 7 d GB /T 1763—Part 4 No blistering or spalling
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Fig. 2 Test results of electrochemical test for coatings immersed in 3.5% NaCl solution for different times

M Brasher-Kingsbury 22 (R (1) w354

*3 REBERESHE 3.5%H) NaCl j#i&H
250 35 d SRIB L2258 JEAEAN AR BT BERIK RN (K 3D
Table 3 Electrochemical parameters of each coating C (t)
immersed in 3.5% NaCl solution for 35 days. X, % = C.(0) %100 @)
Re/ Qc/ R/ Qa/ g 80
ey ) _(E L) (GO (Frem). ek, Xu()RER K I UL Co0)F C(Y
0.25% GO-epoxy 0.82 6.42 0.11 0.10 %%U{tﬁ@}%?’f%ﬂﬁﬁﬁﬂ‘ l‘ﬂ*ﬂﬁz‘@ﬁﬂ‘fﬂlﬁt EH‘B(J EE%?'o
0.50% GO-epoxy 426 246 - - FEJE A B iR 35 d J5, IANAT S84 0 & 40 3
1.00% GO-epoxy 131 10.10 - -

J 0.25%. 0.50%7F1 1.00% 1] & P48 14 2 7K 28K/



MRk, A%

52 1

BN R R A EE I A7 SR AR ek T S ok
A i PR B R ) IR B RE VP A 29

2359k 4.98+0.10. 2.60+0.08 FI 3.31+0.09, #4li¥f
HIR)Z (6.42+0.19) %) 7 B 22.4%.59.5% 711 48.4%

10
—=— Pure epoxy
—— ().25% GO-epoxy

= 8 . os0
AR, VSIS 4 W S A2 S| Voo Goeron
FIBC Ve BRIBIE RS ) o XA DR T30 i b 2
Pk B TATHES, 7843 A T 90K (BB A 2.l
JH, WA T AR st T, Z

i 25 2405 43 B BB S B O I, VAR R LS 2r e
A TRIIB 56 . (0 20 B0 P IR 25 5 L . . ‘
2 ST 25 00 F R 2, A 2 BEL B A P59
BB B s ) R TG, TG, VRN 0.5% 5 i 43 0P
ATHEB A7 SRS 1053 280 2 PR R 5 A 0 i ek
AR A TsE e, A e
VI A VL REMAR 25 5 W2 4,

Immersion time ¢/ d
K3 AR EESREE RS EC 35%I
NaCl ¥l FrE AN i ] g A A 4
Fig. 3 Water absorption of graphene composite
coating immersed in 3.5% NaCl solutiont**!

x4 DEREHAERPEIZRTESH

Table 4 Performance parameters of epoxy graphene barrier intermediate coating

No. Coating performance Test standard Test results
1 Appearance Visual Flat
2 Solid content / % GB/T 1725—Part 6 78
3 Drying timeat25 C /h GB /T 1728—Part 2, Part 3 Surface drying—1.5; complete drying—24
4 Pull-off adhesion / MPa GB /T 5210—Part 9 10
5 Flexibility / mm GB/T1731—Part 8 2
6 Impact resistance / (kg * cm) GB /T 1732—Part 7 50
7 Resistance to 3% NaCl solution immersion for 7 d GB /T 1763—Part 3 No blistering or spalling
8 Resistance to 5% NaOH solution immersion for 7 d GB /T 1763—Part 4 No blistering or spalling
9 Resistance to 5% H,SO, solution immersion for 7 d GB /T 1763—Part 4 No blistering or spalling
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Table 5 Performance parameters of polyurethane weather-resistant topcoating.

No. Coating performance Test standard Test results

1 Appearance Visual Flat and smooth

2 Solid content / (%) GB /T1725—pPart 6 55

3 Drying time at 25°C/ h GB/T1728—Part 2, Part 3 Surface drying—0.5; complete drying—20
4 Flexibility / mm GB/T1731—Part 8 2

5 Wear resistance / (500 r / 500 g) GB/T1768—Part 8 0.05

6 Impact resistance / (kg * cm) GB/T1732—Part 6 50

7 Resistance to 3% NaCl solution immersion for 7 d GB/T1763—Part 3 No blistering or spalling

8 Resistance to 5% NaOH solution immersion for 7 d GB/T1763—Part 4 No blistering or spalling

9 Resistance to 5%H,SO, solution immersion for 7 d GB /T1763—Part 4 No blistering or spalling

No rust, blistering, spallling, cracking, and chalking;

10 Resistance to artificial accelerated aging for 1 440 h GB /T1865—~Part 9 only discoloration (level 1) and gloss reduction

(level 1-2).
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Fig. 4 Images for the salt spray cyclic aging test of graphene modified heavy-duty anticorrosion coatings
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Table 6 Performance parameters of graphene modified heavy-duty anticorrosion composite coating

No. Coating performance Test standard Test results
1 Pull-off adhesion GB /T 5210—Part 9 12.5 MPa
2 Wiater condensation resistance ~ GB /T 13893.2—Part 8  No blistering, corrosion, cracking or shedding of the paint film after 720 h

3 Neutral salt spray resistance GB /T 1771—Part 8
4 Weathering resistance GB /T 1865—Part 9
5 Resistance to cyclic aging 1SO 12944-9—Part 9

After 1 440 h, at the unscratched part, there was no blistering, rusting, cracking,
or peeling off, and corrosion appeared at the scratched part spread <1 mm in
one direction

After 1 440 h, the top coating has no blistering, rusting, cracking and shedding.
Only level 1 discoloration and level 1 gloss reduction

After 4 200 h, at the unscratched part there was no blistering, rusting, cracking,
or peeling off, Corrosion appeared at the scratched part spreaded <3 mm in one
direction
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(b) Corrosion experiment station in Beilun District, Ningbo
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Table 7 Test results of exposing Coating performance for graphene modified heavy-duty anticorrosion coating system

Location and exposing time Discoloration Chalking Cracking Blistering Mildew Rust Spalling Comprehensive grade
Wenchang, 1 year 0 0 0 0 0 0 0 0
Wenchang, 3 years 1 1 0 0 0 0 0 0
Wenchang, 5 years 3 1 0 0 0 0 0 1
Ningbo, 1 year 0 0 0 0 0 0 0 0
Ningbo, 3 years 1 0 0 0 0 0 0 0
Ningbo, 5 years 1 0 0 0 0 0 0 0
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(b) Photo of finished coating
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Fig. 6 Construction images of graphene heavy-duty
anticorrosion coating on the transmission tower
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Table 8 Coating performance test results of graphene modified heavy-duty anticorrosion coating coated on the 6 # and 8 # towers

Iron towers used for

Adhesion in the hundred-grid Adhesion in the

coating performance Testing time Color difference valueAE Gloss/ (") test (level 0-5) pull-off test / MPa
After 6 months 0.36-0.79 28.9-35.6 0
After 12 months 0.68-0.89 27.9-335 0
6 # tower in After 24 months 0.62-0.98 25.9-30.2 0
North line 2321,
State Grid Ningbo After 36 months 0.70-1.23 21.9-25.9 0 9.56-12.32
After 48 months 0.89-1.59 18.9-26.6 0-1 9.32-11.79
After 54 months 0.78-1.86 15.9-25.6 0-1 8.68-11.37
After 6 months 0.59-0.81 27.9-34.9 0 -
After 12 months 0.68-0.92 26.9-33.9 0
8 # tower in After 24 months 0.78-1.08 23.9-31.8 0
North line 2321,
State Grid Ningbo After 36 months 0.76-1.35 22.6-29.6 0 9.79-13.02
After 48 months 0.83-1.49 17.1-28.7 0-1 8.98-12.39
After 54 months 0.88-1.98 14.8-25.4 0-1 8.56-10.85

150

ors o3 em w4
50 100

K7 [t 2321 2k 06 20 g HEE Iz Ay CRyling ). 2021 4% 3 1)
Fig. 7 Testing records of coating on the iron tower (6#, North line 2321, State Grid Ningbo, test time: March 2021)
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