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Abstract. The transmission tower is one of the largest equipment facilities in the transmission 

and distribution line network. It is mainly used to support the connection of overhead 

conductors to ensure the safe and stable transmission of power transmission lines. Due to the 

vast territory of China and the wide distribution of transmission towers, the operating 

environment faced by transmission towers is also extremely complex. In addition to the pulling 

force given by the transmission line, rain, snow, dust, salt spray, acid rain and other substances 

cause erosion and corrosion on the transmission tower. The use of anti-corrosion coatings is an 

effective way to avoid erosion and corrosion of transmission tower. Therefore, it is very 

important to prepare an anti-corrosion coating suitable for transmission towers for the safe 

operation of transmission towers. Graphene is a new type of functional nano-material that 

attracts attention. Its special layered structure can effectively shield the material, reduce the 

internal stress of the coating, and improve the adhesion, mechanical properties, anti-corrosion 

effect and other properties of the coating. 

1. Introduction 

The transmission tower is constructed of carbon steel [1] and will be hot-dip galvanized before leaving 

the factory. Although the surface of the hot-dip galvanizing treatment has a certain anti-corrosion 

effect, the thickness of the hot-dip galvanized surface is prone to uneven thickness [2]. In the South 

and coastal cities, acid gases and higher salinity and moisture content in the environment accelerate 

the consumption of galvanized layers [3-4]. Once the key parts of the transmission tower are corroded, 

the corrosion rate is extremely fast, which will have a very negative impact on the safe operation of 

the transmission line [5]. At present, the methods for improving the corrosion resistance of 

transmission towers mainly include increasing the thickness of hot-dip galvanized coatings and 

coating anti-corrosion coatings [6]. Compared with the method of increasing the thickness of hot-dip 

galvanizing, the process of coating anti-corrosion coating is simpler, and the re-coating technique is 

less difficult and the cost is relatively low [7]. 

Graphene is a two-dimensional nanosheet material [8], which itself is formed by the covalent bond 

of a single carbon atom. The thickness of a single layer of graphene is about 0.33 nm, although the 

graphene itself is very thin. However, it not only has good toughness but also can be bent to some 

extent. At the same time, graphene is one of the materials with the highest strength known [9]. 
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Theoretically, the addition of graphene in anticorrosive coatings can improve the coating toughness 

and impact strength to some extent. In addition, due to the unique layered structure of graphene, after 

dispersing in the coating matrix, it can form a shielding effect, effectively infiltrate the penetration and 

diffusion of corrosive substances, reduce the corrosion rate, and achieve the effect of prolonging the 

corrosion life [10]. 

After functional modification, graphene is beneficial to improve the compatibility with the applied 

components and increase the dispersibility in the system [11-12]. Graphene is modified by silane 

coupling agent, which has better binding ability in epoxy phenolic coating system and is more 

conducive to its performance [13]. In this paper, the functionalization of graphene is modified to 

improve the compatibility with the epoxy resin matrix, greatly improving the adhesion, toughness and 

salt spray corrosion resistance, and preparing graphene suitable for the transmission tower. 

Anti-corrosion coating. 

2. Graphene modification treatment and preparation of graphene anticorrosive coating 

2.1 graphene modification treatment 

Modification step: 

(1) 100 parts of graphene is added to 900 parts of xylene, and dispersed by an ultrasonic dispersing 

device to form a stable and uniform graphene slurry; 

(2) Add 200 parts of absolute ethanol, 2 parts of ethylene triethoxysilane, 2 parts of nonylphenol 

ethoxylate, 2 parts of γ-glycidoxypropyltrimethoxysilane, 1 part of polyol, etc. , using a planetary 

mixer to stir and disperse; 

(3) After stirring for 5 minutes, continue to disperse in the ultrasonic dispersing device, wait until 

the solution is substantially uniform, add a small amount of deionized water, and adjust the PH value 

with 30% H2SO4 solution; 

(4) The dispersion is washed with xylene under reduced pressure, and after washing, it is dried in a 

vacuum oven to obtain functionalized graphene; 

(5) The modified graphene and xylene and n-butanol mixed solution (volume ratio of 7:3) were 

dispersed under ultrasonic conditions to obtain a modified graphene pulp dispersion system. 

As shown in Fig. 1, the graphene slurry after dispersion can be observed to have uniform dispersion 

of graphene in a solvent, and it is proved that the modified graphene has good dispersibility in xylene. 

At the same time, the functionalized graphene was analyzed by SEM. It can be seen in Fig. 2 that the 

functionalized graphene still has a distinct multi-layered sheet structure, indicating that the 

modification has little effect on the apparent state of graphene. 

  

Figure 1. Dispersion state of 

modified graphene in xylene 

Figure 2. SEM results of 

modified graphene 

2.2 Preparation of Functionalized Graphene Thermal Conductive and Anticorrosive Coatings 

The functionalized graphene thermal conductive anticorrosive coating is composed of the coating 

component A and the curing agent component B, and is designed to be a room temperature curing 

method. The resin in component A is an epoxy phenolic system, and the component B is a SY-115 

polyamide normal temperature curing agent. 
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Component A is dispersed by F51 epoxy phenolic resin, epoxy toughener, BYK 066N defoamer, 

BYK-104S wetting and dispersing agent, silane coupling agent and a small amount of xylene and 

n-butanol diluent. The time is around 10 minutes. After the dispersion is uniform, the modified 

graphene slurry, 500 mesh zinc powder, S190 iron oxide ash, GA-4 wet mica powder, 1500 mesh talc 

powder, 958 bentonite, color paste and the like are sequentially added. The material is dispersed and 

ground under the action of a sand mill, and the grinding and dispersing time is not less than 40 min. 

After using a squeegee fineness meter to measure, after the fineness is not more than 50 μm, BYK 

Chemical 1958 thixotropic agent, BYK Chemical 1790 defoaming agent and diluent are added, and 

the material is uniformly dispersed to obtain a coating component A. 

The curing agent firstly heats the SY-115 polyamide curing agent to about 90 ° C and has fluidity, 

which facilitates processing. The preheated SY-115 polyamide is mixed with the diluent, and after 

mixing, the adhesion enhancer is added and stirred uniformly. Component B. 

3. Performance test of graphene anticorrosive coating 

The performance indicators of anti-corrosion coatings are relatively large, and the corresponding 

national standards are also more. In combination with the provisions of the power industry standard 

DL/T1453-2015 "Transmission line tower anti-corrosion protection coating", the salt spray corrosion 

resistance and adhesion of the coating were investigated. This is because the salt spray and adhesion 

requirements are the highest in the actual use of the transmission tower anti-corrosion coating, and it is 

also an effective method to verify the performance and life of the transmission tower anti-corrosion 

coating. 

3.1 salt spray corrosion test 

The functionalized graphene thermal and anticorrosive coatings were comprehensively investigated 

for their corrosion resistance and compared with ordinary zinc-rich anticorrosive coatings. The test 

procedure was carried out in accordance with the requirements of Standard GB/T 1771-2007 

"Determination of Neutral Salt Spray for Paints and Varnishes". The experiment uses the YW/R-150 

salt spray corrosion test box produced by Tianjin Surui Technology Development Co., Ltd., and the 

temperature inside the box is always maintained at 35 °C. The sample was a carbon steel sheet of 

Sa2.5 grade after sand blasting, and the size was 150 mm×70 mm×1.5 mm. After the coating was 

dried, the surface was cross-knife. The modified graphene thermal anti-corrosion coating was 

compared with the traditional anti-corrosion coating after the 1500 h salt spray test. There is no 

obvious corrosion phenomenon on the scratch surface of the graphene anticorrosive paint sample, but 

the surface of the ordinary zinc-rich anticorrosive paint has a large area of corrosion. This indicates 

that the graphene anticorrosive coating has excellent salt spray resistance. The test results are shown in 

Fig. 3. 

  
Figure 3. Comparison of salt spray test between ordinary zinc-rich anticorrosive coating (left) and 

modified graphene thermal anticorrosive coating (right) 

The salt spray corrosion resistance of graphene anticorrosive coatings is better than ordinary 

anticorrosion mainly because graphene as a two-dimensional nanomaterial has a special layered 

structure, which has excellent electrical conductivity, mechanical properties and shielding properties 

against water molecules and air. The use of graphene super strong conductivity and ultra-high strength 

combined with the cathodic protection of zinc powder, applied in anti-corrosion coatings, showing 

superior corrosion resistance and versatility than the original zinc-rich anti-corrosion coating. 
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Moreover, the layered structure of graphene hinders the formation of corrosion paths, greatly slows 

down the corrosion rate, and exhibits excellent salt spray corrosion resistance. 

China's transmission towers have a wide operating range and complex operating environment. 

Excellent salt spray corrosion resistance is beneficial to the use of coatings in coastal and southern 

rainy and humid areas, reducing the corrosion of iron towers caused by large salt and high humidity, 

and improving the safety of transmission tower operation. At the same time, its excellent salt spray 

resistance makes it universally adaptable in different regions and can be used in many regions. 

3.2 adhesion test 

The test method for coating adhesion is divided into two methods: the pull-open method and the 

cross-cut method. The pull-off method is for the sample with a coating thickness greater than 200 μm, 

and the cross-cut rule is for the sample with a coating thickness of less than 200 μm. Adhesion test 

samples of a film thickness of 200 μm or less and a film thickness of 200 μm or more were 

respectively prepared according to the preparation method of the standard sample. To distinguish the 

samples, a graphene anticorrosive paint containing different color pastes was used. 

 The test results of the hundred-grid method show that the adhesion of the gray graphene 

anti-corrosion coating (138μm) has reached the level 0 standard specified in GB/T 9286-1998 "The 

cross-cut experiment of paint and varnish paint film", that is, the cutting edge Completely smooth 

without the requirement of a single drop(see Fig. 4).  

The yellow graphene anticorrosive coating (280μm) is tested according to GB/T 5210-2006 

"Painting and varnish pull-off adhesion test". The experimental results are shown in the Fig.5. The 

results of the pull-open test are shown as adhesives. The cementation in the test column is destroyed, 

and the surface of the coating is not damaged. The final results of the pull-opening method were 13.0 

MPa, 12.5 MPa, 11.1 MPa, and the average value was 12.2 MPa.    

  
Figure 4. The adhesion of the modified 

graphene thermal and anticorrosive coating is 

tested by the hundred-grid method. 

Figure 5. The adhesion of the paint film is 

tested by the pull-open method. 

Both tests have shown that graphene anti-corrosion coatings have excellent adhesion and can 

accommodate a variety of thick and thin coating thickness requirements. This is due to the excellent 

electrical conductivity of the graphene and the large specific surface area, which can greatly reduce the 

amount of zinc powder in the primer, which is more conducive to improving the adhesion, mechanical 

properties and compactness of the primer coating. 

For transmission towers, the excellent adhesion of anti-corrosion coatings is an important guarantee 

for safe operation. During the inspection, maintenance and operation, the tower faces the pedaling 

during the overhaul and the friction and impact of foreign objects. If the adhesion of the anti-corrosion 

coating is poor, the effective running time of the anti-corrosion coating on the transmission tower will 

be greatly shortened, corrosion will occur, and the workload and maintenance cost of the transmission 

tower maintenance and maintenance will be increased. 

3.3 actual environment coupon test 

In order to investigate the actual use effect of the coating, in July 2018, the hanging film operation test 

was carried out on the offshore wind power platform of China Southern Power Grid. Samples of 

graphene anticorrosive coatings were tested and hung on the base tower No. 25 of the offshore wind 
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turbines near the Sanjiashan Island in Zhuhai City (see Fig.6). The unit has been completed when the 

film is hanged, and it will be connected to the grid during the commissioning phase. 

The marine environment is much more corrosive to the material than the land area. The corrosive 

industry divides the marine corrosion area into four areas: the atmospheric zone, the splash zone, the 

tidal zone and the underwater zone. Among them, the wave splash zone has the most serious corrosion 

due to environmental factors such as impact, water vapor and atmosphere. After the sample is fixed in 

a safe position in the splash zone (Fig. 7), the corrosion of the sample is observed from time to time. 

As of April 2019, the surface of the sample is shown in Figure 8. It can be seen that the surface of the 

sample has not corroded, and no peeling, wrinkling, blistering or falling off occurs(see Fig. 8). This 

graphene anticorrosive coating has excellent corrosion resistance, especially in areas with high 

humidity, high salt content and strong ultraviolet rays. The sample test environment on offshore wind 

turbines is far worse than the operating environment of land transmission towers. The operating 

conditions of offshore wind turbines are very similar to those of terrestrial transmission towers. The 

good test-hanging effect of offshore wind turbines indicates that the use of graphene anticorrosive 

coatings is an excellent anti-corrosion measure for power transmission towers. Provide a certain 

guarantee for the safe and stable operation of the transmission tower. 

  
Figure 6. Triangle Wind Turbine No. 25 Offshore Wind Turbine    

 

  
Figure 7. Sample Suspension Position Figure 8. Test suspension sample 

suspension in early April 2019 

4. Conclusion 

The safe and stable operation of the transmission tower and the maintenance cycle depend on the 

effect of anti-corrosion measures. Excellent anti-corrosion measures will effectively reduce the 

corrosion of the transmission tower, prolong the maintenance cycle and reduce maintenance costs. 

Compared with the hot-dip galvanizing process, the anti-corrosion coating has the advantages of low 

cost, relatively uniform coating thickness, and simple construction and coating. However, the 

anticorrosive coatings currently on the market have problems such as short delay time and general 

adhesion. In view of the special requirements for salt spray corrosion resistance and adhesion of power 

transmission towers, graphene anticorrosive coatings for transmission towers were developed. 

The graphene anticorrosive coating prepared herein has excellent salt spray corrosion resistance 

and adhesion. A method of functionalizing a graphene by a silane coupling agent, and a method of 
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dispersing a graphene to prepare a graphene paste suitable for combination with an epoxy resin. 

Compared with ordinary graphene, its dispersibility and bonding strength in epoxy resin are improved, 

and the final product graphene anticorrosive coating has excellent adhesion. Due to the unique 

sheet-like barrier structure of graphene, the corrosion resistance of the anticorrosive coating is 

improved, and the salt spray resistance is improved compared with the conventional anticorrosive 

coating. 

The improvement of adhesion and salt spray corrosion resistance makes the graphene anticorrosive 

coating more suitable for the application of transmission towers, which provides an important 

guarantee for the safe and stable operation of transmission towers and reduces maintenance costs. 
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