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                    Abstract
Self-reparable microcapsules which can repair microcracks in the coating matrix and effectively inhibit the corrosion at the substrate/coating interface during service have been evaluated. The main objective was to fabricate an innovative pH-responsive permeability-switching polyurea-formaldehyde (PUF)-based microcapsule laden with 8-hydroxyquinoline (8-HQ) as the core material for the production of smart epoxy coating for the long-term protection of Al alloys. Combined improved barrier, active, and self-repairing properties indicating sort of triple-action corrosion mitigating ability of the modified epoxy-based smart coating was demonstrated by electrochemical impedance spectroscopy and scanning electron microscopy. The results indicate that the self-repairing action occurs via two mechanisms: firstly, by the initiation of chain mobility at the modified coating defects on heat treatment. Secondly, by the crosslinking of the swelled hydrogel present in the PUF shell wall via the various polymer–polymer interactions. The active corrosion protection was due to the (smart) pH response–release ability of the encapsulated inhibitor (8-HQ) with an increase in corrosion degree. Meanwhile, the even dispersal of the fabricated microcapsule with its intrinsic rough surface in the epoxy coating matrix contributed to the improved barrier and adhesive properties.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Synthesis and properties of polyelectrolyte multilayered microcapsules reinforced smart coatings
                                        
                                    

                                    
                                        Article
                                         Open access
                                         17 June 2019
                                    

                                

                                Adnan Khan, Fareeha Ubaid, … Aboubakr M. Abdullah

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Designing of polyamidoamine-based polyurea microcapsules containing tung oil for anticorrosive coating applications
                                        
                                    

                                    
                                        Article
                                        
                                         09 May 2016
                                    

                                

                                Pyus D. Tatiya, Pramod P. Mahulikar & Vikas V. Gite

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Synthesis of Polyurethane/Poly(urea-formaldehyde) Double-shelled Microcapsules for Self-healing Anticorrosion Coatings
                                        
                                    

                                    
                                        Article
                                        
                                         03 September 2019
                                    

                                

                                Yan Song, Kai-Feng Chen, … Guo Liang Li

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Li, S, Zhang, H, Liu, J, “Corrosion Behavior of Aluminum Alloy 2024-T3 by 8-Hydroxy-Quinoline and Its Derivative in 3.5% Chloride Solution.” Trans. Nonferrous Met. Soc. China, 17 318–325 (2007)

                    Google Scholar 
                

	Ikeuba, AI, Zhang, B, Wang, J, Han, E, Ke, W, Okafor, PC, “SVET and SIET Study of Galvanic Corrosion of Al/MgZn2 in Aqueous Solutions at Different pH.” J. Electrochem. Soc., 165 C180–C194 (2018)
CAS 
    
                    Google Scholar 
                

	Udoh, II, Shi, H, Liu, F, Han, E, “Synergistic Effect of 3-Amino-1,2,4-Triazole-5-Thiol and Cerium Chloride on Corrosion Inhibition of AA2024-T3.” J. Electrochem. Soc., 166 C185–C195 (2019)
CAS 
    
                    Google Scholar 
                

	Balaskas, AC, Kartsonakis, IA, Tziveleka, LA, Kordas, G, “Improvement of Anti-corrosive Properties of Epoxy-Coated AA 2024-T3 with TiO2 Nanocontainers Loaded with 8-Hydroxyquinoline.” Prog. Org. Coat., 74 418–426 (2012)
CAS 
    
                    Google Scholar 
                

	Njoku, CN, Arukalam, IO, Bai, W, Li, Y, “Optimizing Maleic Anhydride Microcapsules Size for Use in Self-healing Epoxy-Based Coatings for Corrosion Protection of Aluminum Alloy.” Mater. Corros. Werkst. Korros., 69 1257–1267 (2018)
CAS 
    
                    Google Scholar 
                

	Okonkwo, BO, Ming, H, Zhang, Z, Wang, J, Rahimi, E, Hosseinpour, S, Davoodi, A, “Microscale Investigation of the Correlation Between Microstructure and Galvanic Corrosion of Low Alloy Steel A508 and Its Welded 309/308L Stainless Steel Overlayer.” Corros. Sci., 154 49–60 (2019)
CAS 
    
                    Google Scholar 
                

	Eduok, U, Suleiman, R, Khaled, M, Akid, R, “Enhancing Water Repellency and Anticorrosion Properties of a Hybrid Silica Coating on Mild Steel.” Prog. Org. Coat., 93 97–108 (2016)
CAS 
    
                    Google Scholar 
                

	Kumar, AM, Latthe, SS, Sudhagar, P, Obot, IB, Gasem, ZM, “In-situ Synthesis of Hydrophobic SiO2-PMMA Composite for Surface Protective Coatings: Experimental and Quantum Chemical Analysis.” Polymer, 77 79–86 (2015)

                    Google Scholar 
                

	Garcia, SJ, Fischer, HR, White, PA, Mardel, J, Gonzalez-Garcia, Y, Mol, JMC, Hughes, AE, “Self-healing Anticorrosive Organic Coating Based on an Encapsulated Water Reactive Silyl Ester: Synthesis and Proof of Concept.” Prog. Org. Coat., 70 142–149 (2011)
CAS 
    
                    Google Scholar 
                

	Montemor, MF, Snihirova, DV, Taryba, MG, Lamaka, SV, Kartsonakis, IA, Balaskas, AC, Kordas, G, Tedim, J, Kuznetsova, A, Zheludkevich, ML, Ferreira, MGS, “Evaluation of Self-healing Ability in Protective Coatings Modified with Combinations of Layered Double Hydroxides and Cerium Molibdate Nanocontainers Filled with Corrosion Inhibitors.” Electrochim. Acta, 60 31–40 (2012)
CAS 
    
                    Google Scholar 
                

	Andreeva, DV, Shchukin, DG, “Smart Self-repairing Protective Coatings.” Mater. Today, 11 24–30 (2008)
CAS 
    
                    Google Scholar 
                

	Blaiszik, BJ, Kramer, SLB, Olugebefola, SC, Moore, JS, Sottos, NR, White, SR, “Annual Review of Materials Research.” In: Clarke, DR, Ruhle, M, Zok, F (eds.) Annual Review of Materials Research, Vol 40, pp. 179–211 (2010)

	Fadil, M, Chauhan, DS, Quraishi, MA, “Smart Coating Based on Urea-Formaldehyde Microcapsules Loaded with Benzotriazole for Corrosion Protection of Mild Steel in 3.5% NaCl.” Russ. J. Appl. Chem., 91 1721–1728 (2018)
CAS 
    
                    Google Scholar 
                

	Visser, P, Hayes, SA, “Anti-corrosive Coating Composition” WO2010112605A1 (2010)

	Visser, P, Liu, Y, Terryn, H, Mol, JMC, “Lithium Salts as Leachable Corrosion Inhibitors and Potential Replacement for Hexavalent Chromium in Organic Coatings for the Protection of Aluminum Alloys.” J. Coat. Technol. Res., 13 557–566 (2016)
CAS 
    
                    Google Scholar 
                

	Andreeva, DV, Skorb, EV, Shchukin, DG, “Layer-by-Layer Polyelectrolyte/Inhibitor Nanostructures for Metal Corrosion Protection.” ACS Appl. Mater. Interfaces, 2 1954–1962 (2010)
CAS 
    
                    Google Scholar 
                

	Kopec, M, Szczepanowicz, K, Mordarski, G, Podgorna, K, Socha, RP, Nowak, P, Warszynski, P, Hack, T, “Self-healing Epoxy Coatings Loaded with Inhibitor-Containing Polyelectrolyte Nanocapsules.” Prog. Org. Coat., 84 97–106 (2015)
CAS 
    
                    Google Scholar 
                

	Njoku, DI, Cui, M, Xiao, H, Shang, B, Li, Y, “Understanding the Anticorrosive Protective Mechanisms of Modified Epoxy Coatings with Improved Barrier, Active and Self-healing Functionalities: EIS and Spectroscopic Techniques.” Sci. Rep., 7 1–15 (2017)
CAS 
    
                    Google Scholar 
                

	Udoh, II, Shi, H, Liu, F, Han, E, “Microcontainer-Based Waterborne Epoxy Coatings for AA2024-T3: Effect of Nature and Number of Polyelectrolyte Multilayers on Active Protection Performance.” Mater. Chem. Phys., 241 122404 (2020)

                    Google Scholar 
                

	Kendig, M, Hon, M, Warren, L, “Smart Corrosion Inhibiting Coatings.” Prog. Org. Coat., 47 183–189 (2003)
CAS 
    
                    Google Scholar 
                

	Selvakumar, N, Jeyasubramanian, K, Sharmila, R, “Smart Coating for Corrosion Protection by Adopting Nano Particles.” Prog. Org. Coat., 74 461–469 (2012)
CAS 
    
                    Google Scholar 
                

	Shchukin, DG, Sukhorukov, GB, Mohwald, H, “Smart Inorganic/Organic Nanocomposite Hollow Microcapsules.” Angew. Chem. Int. Ed., 42 4472–4475 (2003)
CAS 
    
                    Google Scholar 
                

	Shchukin, DG, Shchukina, E, “Capsules with External Navigation and Triggered Release.” Curr. Opin. Pharmacol., 18 42–46 (2014)
CAS 
    
                    Google Scholar 
                

	Tripathi, M, Dwivedi, R, Kumar, D, Roy, PK, “Application of Microencapsulated Unsaturated Polyester Toward Temperature-Triggered Healing in Epoxy Composites.” J. Intell. Mater. Syst. Struct., 27 1–8 (2015)

                    Google Scholar 
                

	Leal, DA, Riegel-Vidotti, IC, Ferreira, MGS, Marino, CEB, “Smart Coating Based on Double Stimuli-Responsive Microcapsules Containing Linseed Oil and Benzotriazole for Active Corrosion Protection.” Corros. Sci., 130 56–63 (2018)
CAS 
    
                    Google Scholar 
                

	Werner, JG, Deveney, BT, Nawar, S, Weitz, D, “Dynamic Microcapsules with Rapid and Reversible Permeability Switching.” Adv. Funct. Mater., 1803385 1–10 (2018)

                    Google Scholar 
                

	Liu, W, Singh, A, Lin, Y, Ebenso, EE, Zhou, L, Huang, B, “8-Hydroxyquinoline as an Effective Corrosion Inhibitor for 7075 Aluminium Alloy in 3.5% NaCl Solution.” Int. J. Electrochem. Sci., 9 5574–5584 (2014)

                    Google Scholar 
                

	Balaskas, AC, Curioni, M, Thompson, GE, “Effectiveness of 2-Mercaptobenzothiazole, 8-Hydroxyquinoline and Benzotriazole as Corrosion Inhibitors on AA 2024-T3 Assessed by Electrochemical Methods.” Surf. Interface Anal., 47 1029–1039 (2015)
CAS 
    
                    Google Scholar 
                

	Marathe, RJ, Gite, VV, “Encapsulation of 8-HQ as a Corrosion Inhibitor in PF and UF Shells for Enhanced Anticorrosive Properties of Renewable Source-Based Smart PU Coatings.” RSC Adv., 6 114436–114446 (2016)
CAS 
    
                    Google Scholar 
                

	Shi, H, Wu, L, Wang, J, Liu, F, Han, E, “Sub-micrometer Mesoporous Silica Containers for Active Protective Coatings on AA 2024-T3.” Corros. Sci., 127 230–239 (2017)
CAS 
    
                    Google Scholar 
                

	ASTM D4541-02, Standard Test Method for Pull-Off Strength of Coating Using Portable Adhesion Testers. ASTM International, West Conshohocken (2002)

                    Google Scholar 
                

	ASTM D3359-17, Standard Test Methods for Rating Adhesion by Tape Test. ASTM International, West Conshohocken (2017)

                    Google Scholar 
                

	ASTM D1654-08, Standard Test Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive Environments. ASTM International, West Conshohocken (2016)

                    Google Scholar 
                

	Thanawala, K, Mutneja, N, Khanna, AS, Raman, RKS, “Development of Self-healing Coatings Based on Linseed Oil as Autonomous Repairing Agent for Corrosion Resistance.” Materials, 7 7324–7338 (2014)

                    Google Scholar 
                

	Dunky, M, “Adhesives in the Wood Industry.” In: Pizzi, A, Mittal, KL (eds.) Handbook of Adhesive Technology, 2nd ed., pp. 887–956 (2003)

	Que, Z, Furuno, T, Katoh, S, Nishino, Y, “Effects of Urea-Formaldehyde Resin Mole Ratio on the Properties of Particleboard.” Build. Environ., 42 1257–1263 (2007)

                    Google Scholar 
                

	Huang, M, Zhang, H, Yang, J, “Synthesis of Organic Silane Microcapsules for Self-healing Corrosion Resistant Polymer Coatings.” Corros. Sci., 65 561–566 (2012)
CAS 
    
                    Google Scholar 
                

	Fan, C, Tang, J, Zhou, X, “Role of Ammonium Chloride in Preparing Poly(Urea-Formaldehyde) Microcapsules Using One-Step Method.” J. Appl. Polym. Sci., 129 2848–2856 (2013)
CAS 
    
                    Google Scholar 
                

	Camino, G, Operti, L, Trossarelli, L, “Mechanism of Thermal Degradation of Urea-Formaldehyde Polycondensates.” Polym. Degrad. Stab., 5 161–172 (1983)
CAS 
    
                    Google Scholar 
                

	Chitanu, GC, Rinaudo, M, Milas, M, Carpov, A, “Thermal Stability of Maleic Acid-Vinyl Acetate Copolymer in Aqueous Solution: Size Exclusion Chromatography Analysis.” Int. J. Polym. Anal. Charact., 10 123–139 (2005)
CAS 
    
                    Google Scholar 
                

	Hedaoo, RK, Tatiya, PD, Mahulikar, PP, Gite, VV, “Fabrication of Dendritic 0 G PAMAM-Based Novel Polyurea Microcapsules for Encapsulation of Herbicide and Release Rate from Polymer Shell in Different Environment.” Des. Monomers Polym., 17 111–125 (2014)
CAS 
    
                    Google Scholar 
                

	Gurnule, WB, Khobragade, J, Ahamed, M, “Thermal Degradation Studies of High-Performance Copolymer Resin Derived from 8-Hydroxyquinoline 5-Sulphonic Acid, Semi Carbazide, and Formaldehyde.” Der Pharma Chem., 6 334–342 (2014)
CAS 
    
                    Google Scholar 
                

	Coates, J, Encyclopedia of Analytical Chemistry, pp. 10815–10837. Wiley, Chichester (2006)

                    Google Scholar 
                

	Vimalanandan, A, Lv, L, The Hai, T, Landfester, K, Crespy, D, Rohwerder, M, “Redox-Responsive Self-healing for Corrosion Protection.” Adv. Mater., 25 6980–6984 (2013)
CAS 
    
                    Google Scholar 
                

	Ikeuba, AI, Zhang, B, Wang, J, Han, E, Ke, W, “Electrochemical, TOF-SIMS and XPS Studies on the Corrosion Behavior of Q-Phase in NaCl Solutions as a Function of pH.” Appl. Surf. Sci., 490 535–545 (2019)
CAS 
    
                    Google Scholar 
                

	Ikeuba, AI, Zhang, B, Wang, J, Han, E, Ke, W, “Understanding the Galvanic Corrosion of the Q-Phase/Al Couple Using SVET and SIET.” J. Mater. Sci. Technol., 35 1444–1454 (2019)

                    Google Scholar 
                

	Ikeuba, AI, Kou, F, Duan, H, Zhang, B, Wang, J, Han, E, Ke, W, “Understanding the Electrochemical Behavior of Bulk-Synthesized MgZn2 Intermetallic Compound in Aqueous NaCl Solutions as a Function of pH.” J. Solid State Electrochem., 23 1165–1177 (2019)
CAS 
    
                    Google Scholar 
                

	Emori, W, Jiang, SL, Duan, DL, Zheng, YG, “Effects of Sodium Thiosulfate and Sodium Sulfide on the Corrosion Behavior of Carbon Steel in an MDEA-Based CO2 Capture Process.” J. Mater. Eng. Perform., 26 335–342 (2017)
CAS 
    
                    Google Scholar 
                

	Etim, IN, Wei, J, Dong, J, Xu, D, Chen, N, Wei, X, Su, M, Ke, W, “Mitigation of the Corrosion-Causing Desulfovibrio desulfuricans Biofilm Using an Organic Silicon Quaternary Ammonium Salt in Alkaline Media Simulated Concrete Pore Solutions.” Biofouling, 34 1–17 (2019)

                    Google Scholar 
                

	Xue, F, Wei, X, Dong, J, Etim, IN, Wang, C, Ke, W, “Effect of Residual Dissolved Oxygen on the Corrosion Behavior of Low Carbon Steel in 0.1 M NaHCO3 Solution.” J. Mater. Sci. Technol., 34 1349–1358 (2018)

                    Google Scholar 
                

	Ding, R, Jiang, J, Gui, T, “Study of Impedance Model and Water Transport Behavior of Modified Solvent-Free Epoxy Anticorrosion Coating by EIS.” J. Coat. Technol. Res., 13 501–515 (2016)
CAS 
    
                    Google Scholar 
                

	Borisova, D, Akcakayiran, D, Schenderlein, M, Moehwald, H, Shchukin, DG, “Nanocontainer-Based Anticorrosive Coatings: Effect of the Container Size on the Self-Healing Performance.” Adv. Funct. Mater., 23 3799–3812 (2013)
CAS 
    
                    Google Scholar 
                

	Plawecka, M, Snihirova, D, Martins, B, Szczepanowicz, K, Warszynski, P, Montemor, MF, “Self-healing Ability of Inhibitor-Containing Nanocapsules Loaded in Epoxy Coatings Applied on Aluminium 5083 and Galvanneal Substrates.” Electrochim. Acta, 140 282–293 (2014)
CAS 
    
                    Google Scholar 
                

	Amirudin, A, Thierry, D, “Application of Electrochemical Impedance Spectroscopy to Study Efficiency of Anticorrosive Pigments in Epoxy Polyamide Resin.” Br. Corros. J., 30 128–134 (1995)
CAS 
    
                    Google Scholar 
                

	Dhoke, SK, Khanna, AS, “Electrochemical Impedance Spectroscopy (EIS) Study of Nano Alumina Modified Alkyd Based Waterborne Coatings.” Prog. Org. Coat., 74 92–99 (2012)
CAS 
    
                    Google Scholar 
                

	Dinnappa, RK, Mayanna, SM, “Benzoic-Acid and Substituted Benzoic-Acids as Interfacial Corrosion Inhibitors for Copper in HClO4.” J. Appl. Electrochem., 11 111–116 (1981)
CAS 
    
                    Google Scholar 
                

	Qian, H, Xu, D, Du, C, Zhang, D, Li, X, Huang, L, Deng, L, Tu, Y, Mol, JMC, Terryn, HA, “Dual-Action Smart Coatings with a Self-healing Superhydrophobic Surface and Anti-corrosion Properties.” J. Mater. Chem. A, 5 2355–2364 (2017)
CAS 
    
                    Google Scholar 
                

	Qian, B, Song, Z, Hao, L, Wang, W, Kong, D, “Self-healing Epoxy Coatings Based on Nanocontainers for Corrosion Protection of Mild Steel.” J. Electrochem. Soc., 164 C54–C60 (2017)
CAS 
    
                    Google Scholar 
                

	Urdl, K, Kandelbauer, A, Kern, W, Mueller, U, Thebault, M, Zikulnig-Rusch, E, “Self-healing of Densely Crosslinked Thermoset Polymers: A Critical Review.” Prog. Org. Coat., 104 232–249 (2017)
CAS 
    
                    Google Scholar 
                

	Hassan, CM, Peppas, NA, “Biopolymers/PVA Hydrogels/Anionic Polymerisation Nanocomposites.” In: Abe, A (ed.) Advances in Polymer Science, Vol. 153, pp. 37–65 (2000)

	Oguzie, EE, Ebenso, EE, “Studies on the Corrosion Inhibiting Effect of Congo Red Dye-Halide Mixtures.” Pigment Resin Technol., 35 30–35 (2006)
CAS 
    
                    Google Scholar 
                

	Uzoma, PC, Liu, F, Xu, L, Zhang, Z, Han, E, Ke, W, Arukalam, IO, “Superhydrophobicity, Conductivity and Anticorrosion of Robust Siloxane-Acrylic Coatings Modified with Graphene Nanosheets.” Prog. Org. Coat., 127 239–251 (2019)
CAS 
    
                    Google Scholar 
                

	Meng, F, Liu, L, Tian, W, Wu, H, Li, Y, Zhang, T, Wang, F, “The Influence of the Chemically Bonded Interface Between Fillers and Binder on the Failure Behaviour of an Epoxy Coating Under Marine Alternating Hydrostatic Pressure.” Corros. Sci., 101 139–154 (2015)
CAS 
    
                    Google Scholar 
                

	Zhang, Y, Shao, Y, Zhang, T, Meng, G, Wang, F, “The Effect of Epoxy Coating Containing Emeraldine Base and Hydrofluoric Acid Doped Polyaniline on the Corrosion Protection of AZ91D Magnesium Alloy.” Corros. Sci., 53 3747–3755 (2011)
CAS 
    
                    Google Scholar 
                

	Yuan, X, Yue, ZF, Chen, X, Wen, SF, Li, L, Feng, T, “The Protective and Adhesion Properties of Silicone-Epoxy Hybrid Coatings on 2024 Al-Alloy with a Silane Film as Pretreatment.” Corros. Sci., 104 84–97 (2016)
CAS 
    
                    Google Scholar 
                

	Zhang, Y, Shao, Y, Zhang, T, Meng, G, Wang, F, “High Corrosion Protection of a Polyaniline/Organophilic Montmorillonite Coating for Magnesium Alloys.” Prog. Org. Coat., 76 804–811 (2013)
CAS 
    
                    Google Scholar 
                

	Zhang, G, Wu, L, Tang, A, Ma, Y, Song, G, Zheng, D, Jiang, B, Atrens, A, Pan, F, “Active Corrosion Protection by a Smart Coating Based on a MgAl-Layered Double Hydroxide on a Cerium-Modified Plasma Electrolytic Oxidation Coating on Mg Alloy AZ31.” Corros. Sci., 139 370–382 (2018)
CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This research was supported by the National Natural Science Fund of China under Contract No. 51871227, the National Natural Science Research Fund for International Young Scientists under Contract No. 51650110506, the Research Fund of Open Studio for Marine Corrosion and Protection Pilot National Laboratory for Marine Science and Technology (Qingdao), and the scholarship of Institute of Metal Research and University of Chinese Academy of Sciences. The authors are profoundly grateful.


Author information
Authors and Affiliations
	Corrosion and Protection Division, Institute of Metal Research, Chinese Academy of Science, 62 Wencui Road, Shenyang, 110016, People’s Republic of China
Chigoziri N. Njoku, Weichen Bai, Innocent O. Arukalam, Demian I. Njoku & Ying Li

	University of Chinese Academy of Sciences (UCAS), 19A Yuquan Road, Shijingshan District, Beijing, 100049, People’s Republic of China
Chigoziri N. Njoku

	Department of Chemical Engineering, Federal University of Technology, P.M.B. 1526, Owerri, Nigeria
Chigoziri N. Njoku

	School of Material Science and Technology, University of Science and Technology of China, No. 96, Jin Zhai Rd, Baohe District, Hefei, 230026, Anhui, People’s Republic of China
Weichen Bai

	Key Laboratory of Marine Environmental Corrosion and Bio-fouling, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071, People’s Republic of China
Lihui Yang & Baorong Hou

	Open Studio for Marine Corrosion and Protection, Pilot National Laboratory for Marine Science and Technology, Qingdao, 266237, People’s Republic of China
Lihui Yang & Baorong Hou

	Shenyang National Laboratory for Materials Science, Northeastern University, No. 3-11 Wenhua Road, Shenyang, 110819, People’s Republic of China
Ying Li

	Department of Polymer and Textile Engineering, Federal University of Technology, P.M.B. 1526, Owerri, Nigeria
Innocent O. Arukalam


Authors	Chigoziri N. NjokuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Weichen BaiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Innocent O. ArukalamView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lihui YangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Baorong HouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Demian I. NjokuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ying LiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding authors
Correspondence to
                Demian I. Njoku or Ying Li.


Ethics declarations

              
                Conflict of interest

                The authors hereby declare there is no conflict of interest regarding the publication of this article.

              
            

Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Njoku, C.N., Bai, W., Arukalam, I.O. et al. Epoxy-based smart coating with self-repairing polyurea-formaldehyde microcapsules for anticorrosion protection of aluminum alloy AA2024.
                    J Coat Technol Res 17, 797–813 (2020). https://doi.org/10.1007/s11998-020-00334-3
Download citation
	Published: 24 March 2020

	Issue Date: May 2020

	DOI: https://doi.org/10.1007/s11998-020-00334-3


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Aluminum AA2024 alloy

	Microcapsule
	Self-healing coating
	Smart coating








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.158.15.130
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    