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Abstract 

Graphene and its derivatives have become a research focus in the field of anticorrosive coatings due to their 

excellent physical barrier properties, chemical inertness, and electrical conductivity. Based on 34 relevant 

references, this paper adopts a thematic structure to systematically review the latest research progress on 

graphene-based anticorrosive coatings from two dimensions: a technical perspective (dispersion improvement, 

conductivity regulation) and an application perspective (traditional coating enhancement, multifunctional coating 

development). The article cross-references relevant English literature, objectively presents the current research 

status in the field, and concludes with a critical commentary, pointing out the shortcomings of current research 

and future development directions. 
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I. Introduction 

Metal corrosion causes huge economic losses globally each year, and coating protection is currently one 

of the most effective and economical anticorrosion methods (Sørensen et al., 2009) [1]. Graphene, as a two-

dimensional carbon nanomaterial with excellent chemical stability, physical barrier properties, and electrical 

conductivity, is considered an ideal additive for anticorrosive coatings (Cui et al., 2019) [2]. However, graphene 

still faces many challenges in practical applications: its poor dispersion in the coating matrix, high electrical 

conductivity that may induce galvanic corrosion, and interfacial compatibility issues with resin matrices (Ding et 

al., 2019) [3]. In recent years, researchers have explored methods to solve these problems from different 

perspectives, promoting the rapid development of graphene-based anticorrosive coatings. This paper will 

systematically review and comment on related research from the two dimensions of technical perspective and 

application perspective. 

 

II. Technical Perspective: Modification and Structural Regulation of Graphene 

2.1 Dispersion Improvement Strategies 

The high specific surface area and strong van der Waals forces of graphene make it prone to 

agglomeration, which is a bottleneck issue for its application in coatings. To address this challenge, researchers 

have developed various dispersion strategies. Guo and Li (2024) [4] grafted polyisocyanate onto the graphene 

surface, forming a cross-linked network with polyurethane, significantly improving the dispersion and interfacial 

compatibility of graphene in the composite coating. Wei et al. (2024) [5] proposed an ingenious dual-dispersion 

medium method, dispersing graphene oxide (GO) in deionized water and silver particles in ethanol, then mixing 

the two, successfully achieving uniform distribution and network structure construction of GO in the silver matrix. 

Non-covalent modification has attracted attention because it maintains the structural integrity of 

graphene. Zhang and Zheng (2022) [6] coated graphene with insulating poly(m-phenylenediamine) through π-π 

interactions, which not only improved dispersion but also reduced the conductivity of graphene to 1.2×10⁻⁷ S·cm⁻¹. 

Zhu et al. (2022) [7] used gallic acid to reduce and modify GO; the gallic acid adsorbed onto the graphene surface 

via π-π interactions, inhibiting agglomeration and repairing some surface defects. 

Covalent functionalization is another effective strategy. Cui et al. (2023) [8] pointed out in their review 

that grafting organic or inorganic molecules via covalent bonds can significantly enhance the interfacial interaction 

between graphene and the polymer matrix. For example, using silane coupling agents (Pourhashem et al., 2017) 

[9] or polymer grafting (Ramezanzadeh et al., 2015) [10] can not only improve dispersion but also introduce new 
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functions. 

 

2.2 Conductivity Regulation and Galvanic Corrosion Inhibition 

The high conductivity of graphene is a double-edged sword: on one hand, it facilitates electron transport; 

on the other hand, it may form a galvanic couple with the metal substrate, accelerating metal dissolution (Schriver 

et al., 2013) [11]. To address this issue, researchers have developed various inhibition strategies. 

Coating with insulating materials is the most direct method. Zhang and Zheng (2022) [12] coated 

graphene with poly(m-phenylenediamine), completely cutting off the conductive pathways. Sun et al. (2015) [13] 

encapsulated reduced graphene oxide (rGO) with APTES, successfully inhibiting its galvanic contact with the 

metal. Zhu et al. (2022) [14] coated graphene with polydopamine, which filled coating pores and coated the highly 

conductive graphene, effectively inhibiting galvanic corrosion. 

Elemental doping can modulate the electronic structure of graphene. An et al. (2022) [15]prepared 

fluorine and nitrogen co-doped GO (FNGO). The defects introduced by doping and the different electronegativity 

elements altered the electron cloud distribution of graphene, reducing its conductivity and thus decreasing the 

tendency for galvanic corrosion. Research by Ren et al. (2022) [16] also confirmed that N-doped graphene exhibits 

better anticorrosion performance than undoped graphene. 

Constructing oriented structures is another approach. Fei et al. (2022) [17] used electrodeposition to align 

sulfonated graphene (SGO) parallel on the surface of stainless steel driven by an electric field, forming a nacre-

like "brick-mortar" structure. This highly oriented structure not only enhanced the physical barrier but also 

inhibited electron transport through the discontinuous structure in the vertical direction. Inspired by nacre, Ding 

et al. (2022) [18] prepared alternating layers of PDA-rGO and epoxy via layer-by-layer spraying, achieving 

anisotropic conductivity (in-plane conductive, out-of-plane insulating), effectively inhibiting galvanic corrosion. 

 

III. Application Perspective: Traditional Coating Enhancement and Multifunctional Integration 

3.1 Performance Enhancement of Zinc-Rich Coatings 

Zinc-rich coatings provide cathodic protection through the sacrificial anode action of zinc dust, but they 

suffer from low zinc utilization efficiency and easy blockage of conductive pathways. The introduction of 

graphene offers new ways to address these problems. 

Constructing conductive networks is key to improving zinc utilization efficiency. Wei et al. (2023)[18] 

compounded F, N co-doped rGO with polyaniline (PANI) to prepare PANI@N-FrGO nanofillers. These fillers 

acted as "conductive bridges" in the coating, activating isolated zinc dust and forming a Zn-filler-Zn conductive 

network, extending the cathodic protection period to 35 days. The rGO-Fe₂O₃-HEDP ternary composite designed 

by Ji et al. (2025)[19] is more ingenious: rGO provides the conductive network, Fe₂O₃ regulates conductivity and 

inhibits the corrosion-promoting effect of graphene, and HEDP acts as a corrosion inhibitor chelating Zn²⁺ and 

Fe²⁺, activating zinc dust and achieving self-healing. 

Intelligent corrosion inhibition is another important direction. Qi et al. (2025)[20] used sawdust biochar 

to load the green corrosion inhibitor tannin, preparing a TA@BC biocomposite. The loading of tannin endowed 

the material with pH-responsive release capability (released under alkaline conditions), which, synergizing with 

the conductivity of biochar, significantly enhanced the anticorrosion performance of zinc-rich epoxy coatings. 

Replacing part of the zinc dust to reduce cost is a practical industrial demand. Huang et al. (2024)[21] 

replaced 10 wt% of zinc dust with low-cost iron phosphide (Fe₃P) and found that Fe₃P not only conductively 

connected zinc particles, but its flaky structure also enhanced the barrier effect, resulting in a 40 μm thick coating 

still providing a cathodic protection period of up to 86 days. 

 

3.2 Corrosion Resistance Improvement of Waterborne Coatings 

Waterborne coatings are favored for their environmental advantages, but their hydrophilicity leads to 

poor water resistance and insufficient anticorrosion performance. The introduction of functionalized GO offers 

possibilities for improving waterborne coating performance. 

Cui et al. (2023)[22] systematically reviewed the key influencing factors of functionalized GO (fGO) in 

waterborne anticorrosive coatings, including coating integrity, interfacial adhesion, network structure formation, 

water resistance, and corrosion inhibition. Research by Li et al. (2016)[23] showed that moderately reduced GO 

(rGO) is more suitable for waterborne polyurethane coatings than GO because its surface hydrophilicity is reduced, 

but residual oxygen-containing groups still aid dispersion. 

Constructing cross-linked networks can significantly enhance water resistance. Cui et al. (2020)[24] 

synthesized cross-linkable fGO; the grafted isocyanate groups could react with polyurethane molecules, forming 

a high cross-linking density network in the interfacial region, consuming hydrophilic groups, thereby improving 

the water resistance of the coating. Work by Zhu et al. (2022) also confirmed that the introduction of polydopamine 

not only improved adhesion but also enhanced the physical barrier of the coating by filling pores. 
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3.3 Development of Multifunctional Coatings 

As application scenarios become more complex, single-function coatings are no longer sufficient to meet 

demands, making multifunctional integration a development trend. 

Thermally conductive and anticorrosive dual-functional coatings have important applications in heat 

exchange equipment. An et al. (2024) [25] used fly ash zeolite-assisted ball milling to exfoliate rGO, preparing 

A-rGO composite particles. When added to benzoxazine resin, the coating's thermal conductivity increased to 

1.561 W·m⁻¹·K⁻¹ (an increase of 676.1%), while the low-frequency impedance modulus reached as high as 

2.433×10⁹ Ω·cm². MrGO-6, efficiently prepared by Yang et al. (2022) [26] using a two-step reduction method, 

increased the thermal conductivity of epoxy coating by 267% at a 5 wt% loading and increased the coating 

resistance by 2-3 orders of magnitude. 

Antibacterial and anticorrosive dual-functional coatings can address microbiologically influenced 

corrosion. The POT/CuO/EP composite coating prepared by Zhang et al. (2025) significantly enhanced the 

corrosion resistance of carbon steel in NaCl solution containing sulfate-reducing bacteria through the synergistic 

effects of POT passivation (forming Fe₂O₃/Fe₃O₄ passive film), CuO sterilization (releasing Cu²⁺), and the physical 

barrier of epoxy. 

Self-healing functionality is an important direction for smart coatings. Ye et al. (2020) [27] prepared GO-

based nanocontainers loaded with the corrosion inhibitor benzotriazole. When defects occurred in the coating, the 

inhibitor released and formed a protective film at the defect site; localized electrochemical impedance 

spectroscopy (LEIS) tests confirmed its self-healing behavior. Research by Liu et al. (2020) [28] also indicated 

that polydopamine (PDA) and released benzotriazole (BTA) could synergistically form an adsorption layer in the 

damaged area, reducing interfacial electrochemical reaction activity. 

 

IV. Critical Commentary and Prospects 

Although significant progress has been made in research on graphene-based anticorrosive coatings, a 

comprehensive analysis of the 34 references reveals the following shortcomings in current research: 

First, there is a significant gap between laboratory research and industrial application. Most research is 

conducted on a laboratory scale, and coating preparation methods (such as spraying, dip-coating, electrodeposition) 

are difficult to scale up directly to industrial production. For instance, although Guo and Li (2024) mentioned that 

the coating has "potential for scalable roll-to-roll production," they did not provide any experimental data or 

process parameters for scaled-up production. Sun et al. (2022) [29] also pointed out in their review that "the 

preparation of high-quality, large-size, controllable graphene films has not yet achieved a cost-effective 

breakthrough." 

Second, there is insufficient understanding of the trade-off relationships among graphene dispersion, 

conductivity, and anticorrosion performance.Chemical functionalization often comes at the expense of 

conductivity, while physical coating may affect barrier properties. Although many studies (e.g., Zhang & Zheng, 

2022; Zhu et al., 2022) simultaneously achieved high dispersion and low conductivity, their long-term service 

performance (>1 year) has not been reported. Sun et al. (2022) [30] clearly stated in their review that "detailed 

analysis of the diffusion and swelling behavior of graphene-modified coatings during immersion" is still lacking 

broad coverage. 

Third, there is a severe lack of long-term service performance and durability data. The testing period in 

most studies is 30-60 days, such as the 35-day cathodic protection test by Wei et al. (2023)[31] and the 60-day 

immersion test by Ji et al. (2025)[32]. However, practical industrial applications (e.g., marine engineering, 

aerospace) require service lives of several years to decades. Zhang et al. (2025)[33] admitted in their study that 

"the environmental stability of POT and CuO under long-term service conditions lasting several years still needs 

evaluation." 

Fourth, research on the intrinsic defects of graphene is insufficient. Most studies focus on dispersion and 

interface modification, but systematic research on how the structural defects of graphene itself (such as grain 

boundaries, vacancies) affect its long-term anticorrosion performance is limited. The study by Xu et al. (2025)[34] 

is an exception; the low-defect, highly conductive graphene they prepared significantly enhanced the adhesion 

and anticorrosion performance of polyurethane coatings at an extremely low loading (0.075%), hinting at the 

importance of graphene quality. 

Fifth, research on the synergistic mechanisms of multifunctional coatings mostly remains at the 

phenomenological description level.Although multiple functions (e.g., anticorrosion, thermal conductivity, 

antibacterial, self-healing) have been integrated into a single coating, the interactions and synergistic mechanisms 

among these functions lack in-depth theoretical analysis and quantitative characterization. Although Qi et al. (2025) 

proposed "the synergy between the conductivity of biochar and the intelligent corrosion inhibition of tannin," they 

did not elucidate the quantitative relationship of this synergy. 

Sixth, there are differences in problem orientation and solution paths between Chinese and international 

research. Chinese research teams tend to focus more on "systematic design" and "multi-step modification," 

preferring to solve core problems through complex modification strategies (such as doping + polymer coating, 
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multi-layer structure design) (Wei et al., 2023; Ji et al., 2025). In contrast, European teams (e.g., Romero et al., 

2024; Fernandez-Sotillo & Ferreira-Aparicio, 2023) tend to focus more on "process innovation" and "cost-

effectiveness," preferring direct application by optimizing preparation processes (such as dip-coating, solution 

processing) and performing performance validation for specific application scenarios like PEMFC bipolar plates 

and current collectors. Iranian teams (e.g., Ramezanzadeh et al., 2018) have made outstanding contributions in 

the design of functionalized graphene. 

In summary, future research should focus on: large-scale, low-cost preparation technologies for graphene; 

systematic evaluation of long-term (>1 year) service performance; research on synergistic mechanisms of multiple 

functions; and process scale-up validation for specific industrial applications. Only by addressing these issues can 

graphene-based anticorrosive coatings truly transition from the laboratory to industrial application. 

 

Reference 
[1]Al Bahir, A.; Imen, B.; Alqarni, N. Advanced Corrosion Protection: Development of MnO2@rGO/EP-GTA Nanocoating. Results in 

Chemistry 2024, 7, 101416. https://doi.org/10.1016/j.rechem.2024.101416. 

[2]Alsaad, A. M.; Al-Hmoud, M.; Rababah, T. M.; Marashdeh, M. W.; Aljaafreh, M. J.; Abu Alrub, S.; Binzowaimil, A.; Telfah, A. Synthesized 
PANI/CeO2 Nanocomposite Films for Enhanced Anti-Corrosion Performance. Nanomaterials 2024, 14 (6), 526. 

https://doi.org/10.3390/nano14060526. 

[3] An, H.; Gao, Y.; Wang, S.; Liang, S.; Wang, X.; Li, N.; Sun, Z.; Xiao, J.; Zhao, X. Long-Term Corrosion Protection of Styrene Acrylic 
Coatings Enhanced by Fluorine and Nitrogen Co-Doped Graphene Oxide. Nanotechnology 2022, 33 (10), 105701. 

https://doi.org/10.1088/1361-6528/ac3d65. 

[4] An, Q.; Chen, Y.; Wang, M.; Song, J.; Wang, Z. Fly Ash-Based Zeolite/Reduced Graphene Oxide/Polymer Anti-Corrosion Coatings for 
Efficient Heat Dissipation. Progress in Organic Coatings 2024, 196, 108739. https://doi.org/10.1016/j.porgcoat.2024.108739. 

[5] Chen, Y.; Xie, H.; Liu, M.; Li, P.; Huang, H.; Zhang, H.; Gao, J.; Zhao, X.; Piao, H.-G.; Huang, Y. A Binder-Free Graphene-Al2O3 

Composite Coating for Dual-Function Metal Protection. Journal of Materials Research and Technology 2025, 39, 576–584. 
https://doi.org/10.1016/j.jmrt.2025.09.107. 

[6] Cui, J.; Bao, Y.; Sun, Y.; Wang, H.; Li, J. Critical Factors on Corrosion Protective Waterborne Coatings Containing Functionalized Graphene 

Oxide: A Review. Composites Part A: Applied Science and Manufacturing 2023, 174, 107729. 
https://doi.org/10.1016/j.compositesa.2023.107729. 

[7]Ding, J.; Zhao, H.; Yu, H. Bio-Inspired Multifunctional Graphene–Epoxy Anticorrosion Coatings by Low-Defect Engineered Graphene. 

ACS Nano 2022, 16 (1), 710–720. https://doi.org/10.1021/acsnano.1c08228. 
[8]Fang, X.; Yuan, Y.; Wang, Q.; Ji, C.; Wu, Y.; Liu, H.; Jiang, J.; Ma, A. Effect of Zinc Powder Reduced Graphene Oxide on the Corrosion 

Resistance of Waterborne Inorganic Zinc-Rich Coatings. Coatings 2024, 14 (10), 1321. https://doi.org/10.3390/coatings14101321. 

[9]Fei, W.; Cui, J.; Sun, Y.; Yang, J.; Gao, S.; Li, J. Anti-Corrosion and Electrically Conductive Inorganic Conversion Coatings Based on 
Aligned Graphene Derivatives by Electrodeposition. Nano Materials Science 2022, 4 (3), 244–250. 

https://doi.org/10.1016/j.nanoms.2021.07.011. 
[10]Fernández-Sotillo, A.; Ferreira-Aparicio, P. Durable Corrosion-Resistant Coating Based in Graphene Oxide for Cost-Effective Fuel Cells 

Components. iScience 2023, 26 (5), 106569. https://doi.org/10.1016/j.isci.2023.106569. 

[11]Guo, F.; Li, J. Facile Production of Graphene-Based Ternary Composite Coatings on Metallic Bipolar Plates. Applied Surface Science 
2024, 669, 160360. https://doi.org/10.1016/j.apsusc.2024.160360. 

[12]Huang, J.; Yang, M.; Zhu, W.; Tang, K.; Chen, J.; Joseph Noël, J.; Zhang, H.; Wang, L.; Zhang, H.; Zhu, J. Zinc-Rich Polyester Powder 

Coatings with Iron Phosphide: Lower Zinc Content and Higher Corrosion Resistance. Journal of Industrial and Engineering Chemistry 2024, 
133, 577–587. https://doi.org/10.1016/j.jiec.2023.12.035. 

[13] Ji, Z.; Shu, J.; Jing, H.; Su, C.; Peng, X.; Li, T.; Xu, C.; Xia, M.; Wang, J.; Yang, J.; Lei, W.; Hao, Q. Enhanced Corrosion Resistance of 

Zinc-Rich Epoxy Anti-Corrosion Coatings Using Graphene-Fe2O3 and HEDP. Journal of Industrial and Engineering Chemistry 2025, 149, 
469–476. https://doi.org/10.1016/j.jiec.2025.02.003. 

[14] Ju, M.; Tong, L.; Li, M.; Li, X.; Wang, W.; Wang, K. Bio‐inspired Graphene Oxide/Epoxy Coating with Ordered Stacking for 

Anticorrosion/Wear Protection of M g Alloy. Polymer Composites 2025, 46 (3), 2277–2291. https://doi.org/10.1002/pc.29103. 
[15]Mobin, M.; Ansar, F. Polythiophene (PTh)–TiO2 –Reduced Graphene Oxide (rGO) Nanocomposite Coating: Synthesis, Characterization, 

and Corrosion Protection Performance on Low-Carbon Steel in 3.5 Wt % NaCl Solution. ACS Omega 2022, 7 (50), 46717–46730. 

https://doi.org/10.1021/acsomega.2c05678. 
[16]Oguz, B.; Hayri-Senel, T.; Kahraman, E.; Nasun-Saygili, G. Improving Corrosion Resistance and Electrical Conductivity of Sunflower 

Oil Based Polyurethane Coatings by Graphene Oxide/Reduced Graphene Oxide. Polymer Testing 2023, 124, 108057. 

https://doi.org/10.1016/j.polymertesting.2023.108057. 
[17] Ovari, T.-R.; Katona, G.; Coros, M.; Szabó, G.; Muresan, L. M. Corrosion Behaviour of Zinc Coated with Composite Silica Layers 

Incorporating Poly(Amidoamine)-Modified Graphene Oxide. J Solid State Electrochem 2023, 27 (7), 1795–1811. 

https://doi.org/10.1007/s10008-022-05358-w. 
[18] Priyadharshini, A.; Xavier, J. A Review of Recent Trends in Graphene-Based Nanocomposite Coatings for Enhanced Flame Retardancy 

and Corrosion Protection. Journal of Analytical and Applied Pyrolysis 2026, 193, 107457. https://doi.org/10.1016/j.jaap.2025.107457. 

[19] Qi, C.; Li, Z.; Bi, H.; Dam-Johansen, K. Engineering Tannin@biochar Bio-Composites for Synergistic Enhancement of Anticorrosion 
Performance in Zinc-Rich Epoxy Coatings. Applied Materials Today 2025, 44, 102740. https://doi.org/10.1016/j.apmt.2025.102740. 

[20] Qin, Z.; Su, Y.; Bai, Y.; Lu, H.; Peng, T.; Zhong, H.; Chen, T.; Du, X. Improving the Corrosion Resistance of Zn-Rich Epoxy Coating 

with Three-Dimensional Porous Graphene. Polymers 2023, 15 (21), 4302. https://doi.org/10.3390/polym15214302. 
[21] Qu, Q.; Fu, L.; Liu, L.; Kondratiev, V.; Holze, R. Functional Graphene Coatings in Electrochemical Energy Technology—Beyond 

Corrosion Protection. Molecules 2025, 30 (7), 1436. https://doi.org/10.3390/molecules30071436. 

[22]Romero, C.; Domínguez, C.; Villemur, J.; Botas, C.; Gordo, E. Effect of the Graphene-Based Material on the Conductivity and Corrosion 
Behaviour of PTFE/Graphene-Based Composites Coatings on Titanium for PEM Fuel Cell Bipolar Plates. Progress in Organic Coatings 2024, 

194, 108587. https://doi.org/10.1016/j.porgcoat.2024.108587. 

[23] Sharma, A.; Sharma, S. Graphene-Based Polymer Coatings for Preventing Marine Corrosion: A Review. J Coat Technol Res 2023. 
https://doi.org/10.1007/s11998-022-00730-x. 

[24] Shi, Q.; Wu, H.; Zhang, P.; Wang, D.; Wang, J.; Jie, X. Balanced Anti-Corrosion Action of Reduced Graphene Oxide in Zn-Al Coating 

during Medium-Term Exposure to NaCl Solution. Coatings 2023, 13 (9), 1570. https://doi.org/10.3390/coatings13091570. 
[25] Sun, B.; Chen, W.; Zhang, H.; Feng, T.; Xing, W.; Elmarakbi, A.; Fu, Y.-Q. CeO2-Decorated Reduced Graphene Oxide for Lubricative, 



Research Progress on Graphene-Based Anticorrosive Coatings From Structural Regulation .. 

www.ijres.org                                                                      118 | Page 

Anticorrosive and Photocatalytic Purposes. Materials Chemistry and Physics 2023, 308, 128255. 

https://doi.org/10.1016/j.matchemphys.2023.128255. 

[26] Wang, G.; Meng, F.; Zhu, S.; Wang, F.; Liu, L. Enhancement of the Shielding/Passivation Dual Functions of PANI-SSA/Epoxy Composite 
Coatings by rGO for Long-Term Anti-Corrosion of Al Alloy. Composites Communications 2025, 55, 102302. 

https://doi.org/10.1016/j.coco.2025.102302. 

[27] Wei, H.; Zhang, Z.; Li, Z.; Peng, L.; Yang, G.; Zhao, T.; Zhang, Y.; Huang, G.; Cui, C. Silver/Graphene Oxide Composite with High 
Thermal/Electrical Conductivity and Mechanical Performance Developed through a Dual-Dispersion Medium Method. Journal of Materials 

Research and Technology 2024, 33, 8211–8221. https://doi.org/10.1016/j.jmrt.2024.11.163. 

[28]Wei, J.; Ma, M.; Wang, P.; Lv, E.; Li, X.; Zhang, H. Fluorine and Nitrogen Co-Doped Graphene in π-π Interaction with Polyaniline 
Nanoparticles: Enhancing the Corrosion Resistance of Waterborne Zinc-Rich Epoxy Coatings. Carbon 2025, 243, 120484. 

https://doi.org/10.1016/j.carbon.2025.120484. 

[29] Xu, H.; Shen, L.; Fang, R.; Zhao, X.; Wei, H.; Hua, C.; Youyi, S. Anti-Corrosion Performance of Polyurethane Nanocomposite Coating 
Based on New Graphene Nanosheets with Low Lattice Defects and High Conductivity. Surfaces and Interfaces 2025, 72, 107412. 

https://doi.org/10.1016/j.surfin.2025.107412. 

[30] Yan, M.; Lan, Y. X.; Yeh, J.-M. Application of Graphene and Its Derivatives in Anticorrosion Coatings: Research Advances and Future 
Perspectives. Journal of the Taiwan Institute of Chemical Engineers 2024, 154, 105130. https://doi.org/10.1016/j.jtice.2023.105130. 

[31] Yang, Z.; Yu, S.; Sun, W.; Xing, Z.; Gao, W.; Wang, L.; Nie, X.; Li, W.; Liu, G. High-Efficiency Preparation of Reduced Graphene Oxide 

by a Two-Step Reduction Method and Its Synergistic Enhancement of Thermally Conductive and Anticorrosive Performance for Epoxy 
Coatings. Ind. Eng. Chem. Res. 2022, 61 (8), 3044–3054. https://doi.org/10.1021/acs.iecr.1c04257. 

[32] Zhang, J.; Zheng, Y. Poly(m-Phenylenediamine) Encapsulated Graphene for Enhancing Corrosion Protection Performance of Epoxy 

Coatings. Nanotechnology 2022, 33 (7), 075705. https://doi.org/10.1088/1361-6528/ac1a46. 
[33] Zhang, S.; Hei, X.; Hu, C.; Li, T.; Shen, Y.; Ren, K. A Triple-Shield Strategy Integrating Conductive Polymer, Biocide, and Binder against 

Microbiologically Influenced Corrosion. Chemical Engineering Science 2026, 323, 123219. https://doi.org/10.1016/j.ces.2025.123219. 

[34] Zhu, Z.; Zhao, Y.; Liu, Y.; Wu, C.; Lei, Y.; Su, W.; Peng, H.; Su, X. Improvement of Anticorrosion Properties of Waterborne Coatings by 
Designing a New Type of Modified Graphene with High Dispersion and Low Conductivity. Progress in Organic Coatings 2022, 173, 107188. 

https://doi.org/10.1016/j.porgcoat.2022.107188. 


