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                    Abstract
Industries that work with acidic chemicals in their processes need to make choices on how to properly contain the substances and avoid rapid corrosion of equipment. Certain organic coatings and linings can be used in such environments, either to protect vulnerable construction materials, or, in combination with fiber reinforcement, to replace them. However, degradation mechanisms of organic coatings in acid service are not thoroughly understood and relevant quantitative investigations are scarce. This review describes the uses and limitations of acid-resistant coatings in the chemical industry, with a comparison to alternative resistant materials based on metals or ceramics. In addition, coating degradation phenomena, caused by acid exposure, are mapped to the extent possible, and analysis methods for detecting coating degradation type and severity are listed and discussed. It is concluded that more knowledge on chemical and physical degradation mechanisms is required, and that improvements in resistance to elevated temperatures and abrasion would decrease the risk of use and increase the potential application areas of organic coatings exposed to acidic environments in the chemical industry.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]Reproduced from reference (3) with permission from NACE International, Houston, TX. All rights reserved. ©NACE International 2016



Fig. 2[image: ]Reproduced from reference (4) with permission from Belzona International and NACE International, Houston, TX. All rights reserved. ©NACE International 2016



Fig. 3[image: ]


Fig. 4[image: ]Deduced from references (39 and 58)



Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]


Fig. 12[image: ]Reproduced from reference (57) with permission from NACE International, Houston, TX. All rights reserved. ©NACE International 2016



Fig. 13[image: ]


Fig. 14[image: ]Reprinted from reference (90) with permission of Springer



Fig. 15[image: ]


Fig. 16[image: ]Reprinted from reference (44) by permission of John Wiley and Sons ©



Fig. 17[image: ]Reprinted from reference (75) by permission of the Japan Petroleum Institute



Fig. 18[image: ]Reprinted from reference (65) by permission of John Wiley and Sons ©



Fig. 19[image: ]Reprinted from reference (108) by permission of Springer. (b) Diffusion coefficients of 8 wt% acidic solutions through amine-cured epoxy coating with varying particle concentration (wt%) and shape. No temperature has been provided in the reference. Reprinted from reference (107) by permission of Elsevier



Fig. 20[image: ]


Fig. 21[image: ]


Fig. 22[image: ]


Fig. 23[image: ]Deduced from reference (63)



Fig. 24[image: ]


Fig. 25[image: ]Reprinted from reference (121) by permission of Elsevier



Fig. 26[image: ]Reprinted from reference (82) by permission of Elsevier



Fig. 27[image: ]Reprinted from reference (135) by permission of Elsevier



Fig. 28[image: ]Reprinted from reference (65) by permission of John Wiley and Sons ©



Fig. 29[image: ]


Fig. 30[image: ]


Fig. 31[image: ]Reprinted from reference (76) by permission of Springer



Fig. 32[image: ]Reprinted from reference (120) by permission of Taylor and Francis



Fig. 33[image: ]Reprinted from reference (121) by permission of Elsevier



Fig. 34[image: ]Reprinted from reference (110) by permission of Elsevier




                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A review of high-quality epoxy resins for corrosion-resistant applications
                                        
                                    

                                    
                                        Article
                                        
                                         09 January 2024
                                    

                                

                                Shams Anwar & Xianguo Li

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Progress in corrosion-resistant coatings on surface of low alloy steel
                                        
                                    

                                    
                                        Article
                                        
                                         19 December 2022
                                    

                                

                                Bao-sheng Liu, Jia-li Li, … Yue-zhong Zhang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Hydroxy Benzene / Phenolic Acids and Carboxylic/Fatty Acid Conversion Coatings
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Allahverdi, ALI, Škvára, F, “Acidic Corrosion of Hydrated Cement Based Materials Part 1. Mechanism of the Phenomenon.” Ceramics, 44 (3) 114–120 (2000)

                    Google Scholar 
                

	Policastro, S, Martin, F, Natishan, P, Moran, P, “Corrosion and Corrosion Control.” In: Kirk-Othmer Encyclopedia of Chemical Technology, pp. 1–31. Wiley (2011)

	
Harvey, C, Delta Air Lines Flying High with Containment Coatings. Coatings Pro Magazine, September 2014

	Silva, M, Cold Bonding Eliminates Tank’s Through-Wall Corrosion. Coatings Pro Magazine, Feburary 2014

	Moukwa, M, Barkey, T, “The Performance of Thermoset Polymers in Mineral and Organic Acid Service.” J. Prot. Coat. Linings, 13 (7) 58–69 (1996)

                    Google Scholar 
                

	Banna, MH, Shirokoff, J, Molgaard, J, “Effects of Two Aqueous Acidic Solutions on Glass Reinforced Vinyl Ester Resins Tubes.” Can. Metall. Q., 51 (1) 91–100 (2012)
Article 
    
                    Google Scholar 
                

	Kelley, D, “How to Reduce Construction and Maintenance Costs in Metal Extraction and Refining Processes.” In: SME Annual Meeting and Exhibit, pp. 326–329 (2010)

	
Hare, CH, “Corrosion Control of Steel by Organic Coatings.” In: Revie, RW (ed.) Uhlig’s Corrosion Handbook, pp. 971–983. Wiley, Hoboken (2011)
Chapter 
    
                    Google Scholar 
                

	Khaladkar, PR, “Using Plastics, Elastomers, and Composites for Corrosion Control.” In: Revie, RW (ed.) Uhlig’s Corrosion Handbook, pp. 915–970. Wiley, Hoboken (2011)
Chapter 
    
                    Google Scholar 
                

	Hare, CH, “Chemically Induced Degradation.” J. Prot. Coat. Linings, 16 (12) 17–25 (1999)

                    Google Scholar 
                

	Hare, CH, “Chemically Induced Degradation of Coatings: Part II.” J. Prot. Coat. Linings, 17 (1) 63–75 (2000)

                    Google Scholar 
                

	Hare, CH, “Chemically Induced Degradation of Coatings: Part 3, Pigments.” J. Prot. Coat. Linings, 17 (2) 58–64 (2000)

                    Google Scholar 
                

	Hag, N, Harrison, P, “Experience with the Use of Derakane Vinyl Ester-Based GRP in Flue Gas Desulphurization Plants.” Anti Corros. Method Mater., 43 (2) 15–19 (1996)
Article 
    
                    Google Scholar 
                

	Shing, CK, Wu, CML, Chen, JWJ, Yuen, CS, Ricky, YC, “A Review on Protection of Concrete for Sewage Installations and an Accelerated Test on Protection Systems.” Hong Kong Inst. Eng. Trans., 19 (3) 8–16 (2011)

                    Google Scholar 
                

	Reichhold Inc., “FRP Material Selection Guide: An Engineer’s Guide To FRP Technology.” Technical report, 2009

	Cooper, CD, “Air Pollution Control.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology. Wiley, Hoboken (2007)

                    Google Scholar 
                

	Ragnar, M, Henriksson, G, Lindstrom, ME, Wimby, M, Blechschmidt, J, Heinemann, S, “Pulp.” In: Elvers, B (ed.) Ullmann’s Encyclopedia of Industrial Chemistry. Wiley-VCH, Hoboken (2014)

                    Google Scholar 
                

	Compère, C, Hechler, J, Cole, K, “Behavior of Phenolic-Coated Steel in Concentrated Sulfuric Acid.” Prog. Org. Coat., 20 (2) 187–198 (1992)
Article 
    
                    Google Scholar 
                

	Duby, P, “Metallurgy.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology. Wiley, Hoboken (2005)

                    Google Scholar 
                

	De Belie, N, Monteny, J, Beeldens, A, Vincke, E, Van Gemert, D, Verstraete, W, “Experimental Research and Prediction of the Effect of Chemical and Biogenic Sulfuric Acid on Different Types of Commercially Produced Concrete Sewer Pipes.” Cem. Concr. Res., 34 (12) 2223–2236 (2004)
Article 
    
                    Google Scholar 
                

	Hacias, K, “Metal Surface Treatments, Pickling.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology, pp. 1–3. Wiley, Hoboken (2000)

                    Google Scholar 
                

	Taylor, AW, “Fertilizers.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology, pp. 111–128. Wiley, Hoboken (2004)

                    Google Scholar 
                

	Dittmar, H, Drach, M, Vosskamp, R, Trenkel, ME, Gutser, R, Steffens, G, “Fertilizers, 2. Types.” In: Elvers, B (ed.) Ullmann’s Encyclopedia of Industrial Chemistry, pp. 200–246. Wiley-VCH (2009)

                    Google Scholar 
                

	Bayer, O, “Polyurethane.”Angew. Chem., 59 (9) 257–288 (1947)
Article 
    
                    Google Scholar 
                

	Staff, J, “Coating Systems for Concrete in Severe Service: A Brief Discussion.” J. Prot. Coat. Linings, 23 (1) 50–57 (2009)

                    Google Scholar 
                

	Watkins, MJ, “Epoxy Resins in Coatings.” In: Paint and Coating Testing Manual, 15th edn., pp. 87–92 (2012)

	
Gannon, JA, “History and Development of Epoxy Resins.” In: Seymour, RB, Kirshenbaum, GS (eds.) High Performance Polymers: Their Origin and Development, pp. 299–307. Springer, Berlin (1986)
Chapter 
    
                    Google Scholar 
                

	Kelley, D, Graham, J, Johnson, T, “Different FRP Resin Chemistries for Different Chemical Environments.” Technical report, Ashland Performance Materials, 2010

	Thomson, B, Campion, RP, “Testing of Polymeric Materials for Corrosion Control.” In: Revie, RW (ed.) Uhlig’s Corrosion Handbook, pp. 1107–1116. Wiley, Hoboken (2011)
Chapter 
    
                    Google Scholar 
                

	Sonawala, SP, Spontak, RJ, “Degradation Kinetics of Glass-Reinforced Polyesters in Chemical Environments. Part 1 Aqueous Solutions.” J. Mater. Sci., 31 (18) 4757–4765 (1996)
Article 
    
                    Google Scholar 
                

	Marais, S, Metayer, M, Nguyen, TQ, Labbe, M, Saiter, JM, “Diffusion and Permeation of Water Through Unsaturated Polyester Resins—Influence of Resin Curing.” Eur. Polym. J., 36 (3) 453–462 (2000)
Article 
    
                    Google Scholar 
                

	Miller, WA, Schlanger, LM, Baumgaertner, ER, “Fluoroplastics.” Manag. Corros. Plast., 5 98–102 (1983)

                    Google Scholar 
                

	Koga, A, Yamabe, T, Sato, H, Uchida, K, Nakayama, J, Yamabe, J, Nishimura, S, “A Visualizing Study of Blister Initiation Behavior by Gas Decompression.” Tribol. Online, 8 (1) 68–75 (2013)
Article 
    
                    Google Scholar 
                

	Byrappa, K, “Hydrothermal Processing.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology. Wiley, Hoboken (2005)

                    Google Scholar 
                

	ASTM Commitee G02, “G40—Standard Terminology Relating to Wear and Erosion.” Technical report, 2013

	Takadoum, J, “Tribology.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology, pp. 1–18. Wiley, Hoboken (2012)

                    Google Scholar 
                

	
Møller, P, Nielsen, LP, Advanced Surface Technology, vol. 1. Moeller and Nielsen, Copenhagen (2013)

                    Google Scholar 
                

	Zhang, S, Dam-Johansen, K, Nørkjær, S, Bernad, PL, Kiil, S, “Erosion of Wind Turbine Blade Coatings—Design and Analysis of Jet-Based Laboratory Equipment for Performance Evaluation.” Prog. Org. Coat., 78 103–115 (2015)
Article 
    
                    Google Scholar 
                

	Wicks, ZW, Jones, FN, “Coatings.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology, pp. 1–88. Wiley, Hoboken (2013)

                    Google Scholar 
                

	Khruschov, M, “Principles of Abrasive Wear.” Wear, 28 (1) 69–88 (1974)
Article 
    
                    Google Scholar 
                

	Wu, L, Guo, X, Zhang, J, “Abrasive Resistant Coatings—A Review.” Lubricants, 2 (2) 66–89 (2014)
Article 
    
                    Google Scholar 
                

	Hojo, H, Tsuda, K, Yabu, T, “Erosion Damage of Polymeric Material by Slurry.” Wear, 112 17–28 (1986)
Article 
    
                    Google Scholar 
                

	Mallinson, JH, “Abrasion of Fiber-Reinforced Plastics in Corrosive Environments.” Chem. Eng., 89 (11) 143–144 (1982)

                    Google Scholar 
                

	Kalenda, P, “Diffusion of Acids Into Epoxy Resin Compositions.” Appl. Polym. Sci., 45 (12) 2235–2238 (1992)
Article 
    
                    Google Scholar 
                

	Møller, P, Nielsen, LP, Advanced Surface Technology, vol. 2. Moeller and Nielsen (2013)

	Lawrence, GCK, “New Developments in Reinforced Corrosion-Resistant Thermosetting Plastic Lining Materials.” Australas. Corros. Eng., 19 (4) 25–28 (1975)

                    Google Scholar 
                

	Campbell, JL, “Metals Resist Hot Sulfuric Acid.” Ind. Eng. Chem., 53 (11) 125–126 (1961)

                    Google Scholar 
                

	
Schweitzer, PA, Fundamentals of Metallic Corrosion, vol. 825, CRC Press, Boca Raton (2006)
Book 
    
                    Google Scholar 
                

	MetalPrices.com, “MetalPrices.com.” www.metalprices.com. Accessed 16-10-2015, 2015

	Infomine.com, “Infomine.com.” www.infomine.com. Accessed 16-10-2015, 2015

	Hall, GR, Improved Corrosion Protection for Flue Gas Systems Utilizing a Dual Liner Concept. Energy in the 90’s, pp. 100–108, 1991

	Hall, GR, Sauereisen, CK: Restoration of a Brick Chimney with a Dual Lining System and Polymer Concrete.” Mater. Perform., 45 (11) 34–38 (2006)

                    Google Scholar 
                

	Sergent, JE, “Ceramic Materials.” In: Elshabini, A, Barlow, FD, III (eds.) Ceramic Interconnect Technology Handbook, pp. 163–197. CRC Press, Boca Raton (2007)
Chapter 
    
                    Google Scholar 
                

	Morrell, R, “Ceramics, Structural.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology. Wiley, Hoboken (2011)

                    Google Scholar 
                

	Bennett, JP, Corrosion Resistance of Ceramic Materials to Hydrochloric Acid. Technical report, Bureau of Mines, 1983

	Leigh, HD, “Refractories.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology. Wiley, Hoboken (2000)

                    Google Scholar 
                

	Regester, RF, “Behavior of Fiber Reinforced Plastic Materials in Chemical Service.” Corrosion, 25 (4) 157–167 (1969)
Article 
    
                    Google Scholar 
                

	Morton, M, “Elastomers, Synthetic, Survey.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology, pp. 1–20. Wiley, Hoboken (2009)

                    Google Scholar 
                

	ASTM Commitee D01, D16—Standard Terminology for Paint, Related Coatings, Materials, and Applications. Technical report, 2015

	ASTM Commitee J01, G193—Standard Terminology and Acronyms Relating to Corrosion. Technical report, 2013

	Praw, M, “Polyurethane Coatings: A Brief Overview.” J. Prot. Coat. Linings, 30 (8) 34–39 (2013)

                    Google Scholar 
                

	Stevens, MP, Polymer Chemistry: An Introduction. Addison-Wesley, Boston, MA (1975)

                    Google Scholar 
                

	Pham, HQ, Marks, MJ, “Epoxy Resins.” In: Elvers, B (ed.) Ullmann’s Encyclopedia of Industrial Chemistry, pp. 155–244. Wiley-VCH (2005)

                    Google Scholar 
                

	Hall, GR, “Understanding the Basics of Chemical-Resistant Polyesters and Vinyl Esters.” J. Prot. Coat. Linings, 30 (11) 34–45 (2013)

                    Google Scholar 
                

	Allen, RC, “Some Corrosion Mechanisms in Attack of Resin and Resin-Glass Laminates.” Polym. Eng. Sci., 19 (5) 329–336 (1979)
Article 
    
                    Google Scholar 
                

	Mills, CC, Day, FB, “Application of Thermoplastics for Corrosion Control.” Manag. Corros. Plast., 5 1–12 (1983)

                    Google Scholar 
                

	Gahleitner, M, Paulik, C, “Polypropylene.” In: Elvers, B (ed.) Ullmann’s Encyclopedia of Industrial Chemistry, pp. 1–44. Wiley-VCH (2014)
Chapter 
    
                    Google Scholar 
                

	Jeremic, D, “Polyethylene.” In: Elvers, B (ed.) Ullmann’s Encyclopedia of Industrial Chemistry, pp. 1–42. Wiley-VCH (2014)
Chapter 
    
                    Google Scholar 
                

	Hintzer, K, Zipplies, T, Carlson, DP, Schmeigel, W, “Fluoropolymers, Organic.” In: Elvers, B (ed.) Ullmann’s Enclyclopedia of Industrial Chemistry, pp. 1–55. Wiley-VCH (2013)

                    Google Scholar 
                

	Chapman, FM, “Fluoropolymer Linings for Corrosion Protection of Chemical Process Equipment.” Manag. Corros. Plastics, 5 121–127 (1983)

                    Google Scholar 
                

	Chandrasekaran, VC, Rubber as a Construction Material for Corrosion Protection: A Comprehensive Guide for Process Equipment Designers. Scrivener Publishing LLC, Beverly, MA (2010)
Book 
    
                    Google Scholar 
                

	Webb, RN, Shaffer, TD, Tsou, AH, “Butyl Rubber.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology. Wiley, Hoboken (2003)

                    Google Scholar 
                

	Visakh, P, Sabu, T, Arup, KC, Mathew, AP, Advances in Elastomers I, vol. 11. Springer (2013)

	Ashland Inc., Design Engineers Depend on FRP for Corrosion Challenges in Chemical Processing. Technical report, 2015

	Tsuda, K, “Behavior and Mechanisms of Degradation of Thermosetting Plastics in Liquid Environments.” J. Jpn. Pet. Inst., 50 (5) 240–248 (2007)
Article 
    
                    Google Scholar 
                

	Hojo, H, Tsuda, K, Kubouchi, M, Kim, DS, “Corrosion of Plastics and Composites in Chemical Environments.”  Met. Mater., 4 (6) 1191–1197 (1998)
Article 
    
                    Google Scholar 
                

	Abeysinghe, H, Edwards, W, Pritchard, G, Swampillai, G, “Degradation of Crosslinked Resins in Water and Electrolyte Solutions.” Polymer, 23 (12) 1785–1790 (1982)
Article 
    
                    Google Scholar 
                

	Sobrinho, LL, Ferreira, M, Bastian, FL, “The Effects of Water Absorption on an Ester Vinyl Resin System.” Mater. Res., 12 (3) 353–361 (2009)
Article 
    
                    Google Scholar 
                

	Sonawala, SP, Spontak, RJ, “Degradation Kinetics of Glass-Reinforced Polyesters in Chemical Environments. Part 2 Organic Solvents.” J. Mater. Sci., 31 (18) 4757–4765 (1996)
Article 
    
                    Google Scholar 
                

	Abastari, Sakai, T., Sembokuya, H., Kubouchi, M., Tsuda, K.: “The Reciprocal Influence Between Ion Transport and Degradation of PA66 in Acid Solution.” Polym. Degrad. Stabil., 91 (11) 2595–2604 (2006)

	Kootsookos, A, Burchill, PJ, “The Effect of the Degree of Cure on the Corrosion Resistance of Vinyl Ester/Glass Fibre Composites.” Compos. Part A: Appl. Sci. Manuf., 35 (4) 501–508 (2004)
Article 
    
                    Google Scholar 
                

	Banna, MH, Shirokoff, J, Molgaard, J, “Effects of Two Aqueous Acidic Solutions on Polyester and Bisphenol A Epoxy Vinyl Ester Resins.” Mater. Sci. Eng.: A, 528 (4–5) 2137–2142 (2011)
Article 
    
                    Google Scholar 
                

	Crank, J, Park, GS, Diffusion in Polymers, Academic Press, Amsterdam (1968)

                    Google Scholar 
                

	Vanlandingham, MR, Eduljee, RF, Gillespie, JW, “Moisture Diffusion in Epoxy Systems.” J Appl. Polym. Sci., 71 787–798 (1998)
Article 
    
                    Google Scholar 
                

	George, SC, Thomas, S, “Transport Phenomena Through Polymeric Systems.” Prog. Polym. Sci., 26 (6) 985–1017 (2001)
Article 
    
                    Google Scholar 
                

	Romhild, S, Bergman, G, Hedenqvist, MS, “Transport and Adhesion Properties of an Unlined and a Liquid-Crystalline Polymer-Lined Vinyl Ester Thermoset Exposed to Severe Environments.” Appl. Polym. Sci., 95 (4) 797–806 (2005)
Article 
    
                    Google Scholar 
                

	Wang, Z, Han, E, Liu, F, Ke, W, “Effect of Different Curing Agents on Cure Reaction and Exposure Resistance of Phenolic-epoxy Resins in Hot Acid Solutions.” Corrosion, 66 (7) 750011–750019 (2010)
Article 
    
                    Google Scholar 
                

	Blankenship, LT, White, MN, Puckett, PM, “Vinyl Ester Resins: Versatile Resins For Composites.” Int. SAMPE Symp. Exhibition (Proc.), vol. 34, no. 1, pp. 234–245, 1989

	Miller, DR, Macosko, CW, “A New Derivation of Post Gel Properties of Network Polymers.” Macromole, 9 (2) 206–211 (1976)
Article 
    
                    Google Scholar 
                

	Feng, J, Berger, KR, Douglas, EP, “Water Vapor Transport in Liquid Crystalline and Non-liquid Crystalline Epoxies.” J. Mater. Sci., 39 (10) 3413–3423 (2004)
Article 
    
                    Google Scholar 
                

	English, LK, “Liquid-Crystal Polymers: In a Class of Their Own.” Mater. Eng., 103 (3) 36–41 (1985)

                    Google Scholar 
                

	Hoyt, AE, Benicewicz, BC, “Rigid Rod Molecules as Liquid Crystal Thermosets.” Am. Chem. Soc. Polym., 30 (2) 536–537 (1989)

                    Google Scholar 
                

	Grebowicz, JS, “On the Formation of Liquid Crystalline Texture in Epoxy Resins.” Macromol. Symp., 104 191–221 (1996)
Article 
    
                    Google Scholar 
                

	Kiil, S, “Model-Based Analysis of Photoinitiated Coating Degradation Under Artificial Exposure Conditions.” J. Coat. Technol. Res., 9 (4) 375–398 (2012)
Article 
    
                    Google Scholar 
                

	Bansal, RK, Sahoo, JC, “Determination of Cohesive Energy Densities Of Bisphenol-A and Epichlorohydrin Epoxy Resins from Swelling Measurements.” Die Angewandte Makromolekulare Chemie, 82 (1265) 149–156 (1979)
Article 
    
                    Google Scholar 
                

	Hansen, CM, Hansens Solubility Parameters. A User’s Handbook, 2 edn. CRC Press, Boca Raton (2007)

	Fried, JR, Polymer Science and Technology, 2 edn. Prentice Hall, New Jersey (2003)

	Kamaitis, Z, “Structural Design of Polymer Protective Coatings for Reinforced Concrete Structures. Part I: Theoretical Considerations.” Civ. Eng. Manag., 13 (1) 11–17 (2007)

                    Google Scholar 
                

	Sembokuya, HK, Negishi, Y, Kubouchi, M, Tsuda, K, “Corrosion Behavior of Epoxy Resin Cured with Different Amount of Hardener in Corrosive Solutions.” Soc. Mater. Sci. Jpn., 9 (3) 230–234 (2003)
Article 
    
                    Google Scholar 
                

	Kalendova, A, “Spinels—Reactive Pigments Affecting the Diffusion of Corrosive Substances Through the Coatings.” Pigments Resin Technol., 29 (4) 215–221 (2000)
Article 
    
                    Google Scholar 
                

	Abacha, N, Kubouchi, M, Sakai, T, Tsuda, K, “Diffusion Behavior of Water and Sulfuric Acid in Epoxy/Organoclay Nanocomposites.” Appl. Polym. Sci., 112 (2) 1021–1029 (2009)
Article 
    
                    Google Scholar 
                

	Crank, J, The Mathematics of Diffusion, 2nd edn. Clarendon Press, Oxford (1975)

                    Google Scholar 
                

	Kalenda, P, “Chemical-Resistance Values of Epoxy Resins Hardened with Polyamines.” Pigments Resin Technol., 30 (3) 150–157 (2001)
Article 
    
                    Google Scholar 
                

	Moggridge, GD, Lape, NK, Yang, C, Cussler, EL, “Barrier Films Using Flakes and Reactive Additives.” Prog. Org. Coat., 46 (4) 231–240 (2003)
Article 
    
                    Google Scholar 
                

	Pajarito, B, Kubouchi, M, “Flake-Filled Polymers for Corrosion Protection.” J. Chem. Eng. Jpn., 46 (1) 18–26 (2013)
Article 
    
                    Google Scholar 
                

	Choudalakis, G, Gotsis, AD, “Permeability of Polymer/Clay Nanocomposites: A Review.” Eur. Polym. J., 45 (4) 967–984 (2009)
Article 
    
                    Google Scholar 
                

	Kalenda, P, Kalendova, P, “Improved Chemical Resistance of Epoxy Resin-Based Coating Compositions.” Dyes Pigments, 27 (4) 302–312 (1994)

                    Google Scholar 
                

	Sørensen, PA, Kiil, S, Dam-Johansen, K, Weinell, CE, “Anticorrosive Coatings: A Review.” J. Coat. Technol. Res., 6 (2) 135–176 (2009)
Article 
    
                    Google Scholar 
                

	Ono, S, Tsuda, K, Kubouchi, M, Hojo, H, Nishiyama, T, “Degradation Behavior of Amine Cured Epoxy Resin and FRP in Acid Solutions.” Proc. ICCM-10 4 215–222, 1995

	Kotnarowska, D, “Influence of Ultraviolet Radiation and Aggressive Media on Epoxy Coating Degradation.” Prog. Org. Coat., 37 (3–4) 149–159 (1999)
Article 
    
                    Google Scholar 
                

	Schmitz, P, Holubka, J, Xu, L, “Mechanism for Environmental Etch of Acrylic Melamine-Based Automotive Clearcoats: Identification of Degradation Products.” J. Coat. Technol., 72 (904) 39–45 (2000)
Article 
    
                    Google Scholar 
                

	Rodgers, W., Garner, D., Cheever, G, “Study of the Attack of Acidic Solutions on Melamine-Acrylic Basecoat/Clearcoat Paint Systems. J. Coat. Technol. 70 (877), 83–95 (1998)
Article 
    
                    Google Scholar 
                

	Schmitz, P, Holubka, J, Xu, L, “Acid Etch of Automotive Clearcoats II. Comparison of Degradation Chemistry in Laboratory and Field Testing.” J. Coat. Technol., 72 (902) 53–61 (2000)
Article 
    
                    Google Scholar 
                

	Anderson, E, Capon, B, “Intermolecular General-Acid Catalysis in Acetal Hydrolysis.” J. Chem. Soc. B Phys. Org., 8 1033–1037 (1967)

                    Google Scholar 
                

	Greene, TW, Peter, GMW, Protective Groups in Organic Synthesis, 5 edn. Wiley, Hoboken, NJ (2014)

                    Google Scholar 
                

	Pritchard, G, Reinforced Plastics Durability. CRC Press, Boca Raton, FL (1999)
Book 
    
                    Google Scholar 
                

	Kotnarowska, D, “Epoxy Coating Destruction as a Result of Sulphuric Acid Aqueous Solution Action.” Prog. Org. Coat., 67 (3) 324–328 (2010)
Article 
    
                    Google Scholar 
                

	Trahanovsky, W, Oxidation in Organic Chemistry. Part C: Organic Chemistry 5C. Academic Press, Amsterdam (1978)

                    Google Scholar 
                

	Bauer, DR, “Degradation of Organic Coatings. I. Hydrolysis of Melamine Formaldehyde/Acrylic Copolymer Films.” Appl. Polym. Sci., 27 (10) 3651–3662 (1982)
Article 
    
                    Google Scholar 
                

	Hojo, H, Tsuda, K, Ogasawara, K, “Form and Rate of Corrosion of Corrosion-Resistant FRP Resins.” Adv. Compos. Mater., 1 (1) 55–67 (1991)
Article 
    
                    Google Scholar 
                

	Dang, W, Kubouchi, M, Sembokuya, H, Tsuda, K, “An Approach to Chemical Recycling of Epoxy Resin Cured with Amine Using Nitric Acid.” Polymer, 43 (10) 2953–2958 (2002)
Article 
    
                    Google Scholar 
                

	Dilafruz, K, Kubouchi, M, Dang, W, Sembohya, H, Tsuda, K, “Chemical Recycling Bisphenol a Type Epoxy Resin Based on Degradation in Nitric Acid.” 3rd Int. Symp. Env. Conscious Design Inverse Manufact, pp. 333–338, 2003

	Hojo, H, Tsuda, K, “Effects of Chemical Environments and Stress on Corrosion Behaviors of Glass Fiber Reinforced Plastics and Vinyl Ester Resins.” Soc. Plast. Ind., Annual Conf. Proc., 1979

	Huisman, HF, van der Linden, JT, “Degradation of Polyurethanes in Organic Solvents.” Org. Coat. Sci. Technol., 6 167–182 (1984)

                    Google Scholar 
                

	Stevenson, JS, Kusy, RP, “Structural Degradation of Polyurethane-Based Elastomeric Modules.” J. Mater. Sci.: Mater. Med., 6 (7) 377–384 (1995)

                    Google Scholar 
                

	Tanzi, MC, Mantovani, D, Petrini, P, Guidoin, R, Laroche, G, “Chemical Stability of Polyether Urethanes Versus Polycarbonate Urethanes.” J. Biomed. Mater. Res. 
                           36 (4), 550–559 (1997)
Article 
    
                    Google Scholar 
                

	Vecera, M, Mleziva, J, “The Influence of Molecular Structure on the Chemical Resistivity of Solventless and High-Solid Epoxy Resins.” Prog. Org. Coat., 26 251–263 (1995)
Article 
    
                    Google Scholar 
                

	Aguiar, JB, Camões, A, Moreira, PM, “Coatings for Concrete Protection Against Aggressive Environments.” J. Adv. Concr. Technol., 6 (1) 243–250 (2008)
Article 
    
                    Google Scholar 
                

	Liu, J, Vipulanandan, C, “Modeling Water and Sulfuric Acid Transport Through Coated Cement Concrete.” J. Eng. Mech., 129 (4) 426–437 (2003)
Article 
    
                    Google Scholar 
                

	Valix, M, Mineyama, H, Chen, C, Cheung, WH, Shi, J, Bustamante, H, “Effect of Film Thickness and Filler Properties on Sulphuric Acid Permeation in Various Commercially Available Epoxy Mortar Coatings.” Water Sci. Technol., 64 (9) 1864–1869 (2011)
Article 
    
                    Google Scholar 
                

	White, ML, Leidheiser, HJ, “Laboratory Studies of Organic Coatings in FGD Environments.” Mater. Perform., 24 (11) 9–16 (1985)

                    Google Scholar 
                

	Appleman, BA, “Survey of Accelerated Test Methods for Anti-corrosive Coating Performance.” Coat. Technol., 62 (787) 57–67 (1990)

                    Google Scholar 
                

	Carniero, C, Oliveira, F, Nogueira, J, “Permeability of Paint Film Towards Chloride Ion.” J. Coat. Technol. Res., 3 (2) 2–5 (2006)

                    Google Scholar 
                

	
Kubouchi, M, “Evaluation Method of Degradation of Anti-corrosion Epoxy Lining for Concrete Structures.” Third International Conference on Sustainable Construction Materials and Technologies, 2013

	Sørensen, PA, Dam-Johansen, K, Weinell, C, Kiil, S, “Cathodic Delamination: Quantification of Ionic Transport Rates Along Coating-Steel Interfaces.” Prog. Org. Coat., 68 (1–2) 70–78 (2010)
Article 
    
                    Google Scholar 
                

	Nazemi, MK, Valix, M, “Evaluation of Acid Diffusion Behaviour of Amine-Cured Epoxy Coatings by Accelerated Permeation Testing Method and Prediction of Their Service Life.” Prog. Org. Coat., 97 307–312 (2016)
Article 
    
                    Google Scholar 
                

	Stuart, B, “Infrared Spectroscopy.” In: Seidel, A (ed.) Kirk-Othmer Encyclopedia of Chemical Technology, pp. 1–20. Wiley, Hoboken (2005)

                    Google Scholar 
                

	Goodhew, PJ, Humphreys, J, Beanland, R, Electron Microscopy and Analysis. Taylor and Francis Books, Oxfordshire (2001)

                    Google Scholar 
                


Download references




Acknowledgments
This work is part of the project “Minerals and Cement Process Technology—MiCeTech” funded by Innovation Fund Denmark, FLSmidth A/S, Hempel A/S, and Technical University of Denmark (DTU).


Author information
Authors and Affiliations
	Department of Chemical and Biochemical Engineering, Technical University of Denmark, DTU, Building 229, 2800, Kgs. Lyngby, Denmark
Victor Buhl Møller, Kim Dam-Johansen & Søren Kiil

	Hempel A/S, Lundtoftegårdsvej 91, 2800, Kgs. Lyngby, Denmark
Sarah Maria Frankær


Authors	Victor Buhl MøllerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kim Dam-JohansenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sarah Maria FrankærView author publications
You can also search for this author in
                        PubMed Google Scholar



	Søren KiilView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Søren Kiil.


Rights and permissions
Reprints and permissions


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



Cite this article
Møller, V.B., Dam-Johansen, K., Frankær, S.M. et al. Acid-resistant organic coatings for the chemical industry: a review.
                    J Coat Technol Res 14, 279–306 (2017). https://doi.org/10.1007/s11998-016-9905-2
Download citation
	Published: 14 February 2017

	Issue Date: March 2017

	DOI: https://doi.org/10.1007/s11998-016-9905-2


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
	Protective coating
	Acid resistance
	Chemical industry
	Degradation mechanism
	Coating analysis








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.199.198.16
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    