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Abstract: This paper presents a literature review of coatings applied for saltwater metallic pipelines. The most 

commonly and environmentally friendly coating techniques available nowadays for pipelines are: Epoxy resin, FBE 

(Fusion Bonded Epoxy), AE (asphalt enamel), Neoprene and multilayers PE (polyethylene) PP (polypropylene) and 

PU (polyurethane). This field is growing and new technologies as DLC (diamond-like carbon), carbon nanotubes and 

self-healing coating are getting an important place to prevent corrosion in metallic components in salted environments 

due to its hydrophobic property. There are a lot of industry applications that require high resistance to wear due 

saltwater contact such as tidal power plants, coastal factories, onshore, offshore, pre salt and desalination platforms, 

etc. Therefore, the study of new technologies in this field is absolutely relevant, and may justify new investments in 

research and development of smart coatings due to the high installation and maintenance costs related to the industry 

in saltwater environment, especially in marine environments. 
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1. INTRODUCTION 
 

The concern with the interaction between saltwater and objects exists since the humanity started to use materials 

that are susceptible to corrosion, such as cast iron and steel. According to Goucher et al. (2011), since 1800 B.C, iron 

has been used to make objects which in contact with salt water, may be corroded.  Freeman et al. (1997) believes that 

with the Industrial Revolution, in early 19th century, there was a large upcoming of cast iron and steel industry and its 

use was widespread diverse sectors. Due to this facts, the corrosion problem started to become a concern to the whole 

world, mainly in the fields that have an interaction with saltwater. 
Conforming to CDA - Copper Development Association (1986), the corrosion due the saltwater is present in 

several industrial plants, usually located along the coast. Saltwater may be used for cooling systems, like for 

thermoelectric and nuclear power plants. Other examples include desalination plants, offshore oil and gas plants, coastal 

petroleum and petrochemical processing plants, offshore and onshore tidal power plants, and last but not less important 

the navy application, from ships, and submarines to majors offshore platforms. 
All of those industries fields use pipelines in contact with saltwater, and therefore, an efficient and reliable surface 

protection against corrosion and others types of wear due this contact is crucial. It is used for the corrosion prevention 

materials less susceptible to the corrosion, such as stainless steel and other kinds of materials, because they are more 

inert to the corrosion mechanisms. However, using only a material more resistant to the corrosion is not enough to 

prevent the pipeline wear due its explosion to salted environment. It must be used some kinds of covering technologies 

to inhibit those phenomena, such as cathodic protection, coatings etc. 
The most appropriate technique for pipeline corrosion protection, as reported by National Association of Corrosion 

Engineers -NACE (2007), is coating, due the fact that some other techniques, like simple painting, are not efficient for 

pipelines when saltwater is concerned. The complexity of this problem, regarding the water salinity, is discussed along 

this paper and some special but commonly used coating materials are featured, like Epoxy resin, coal tar, AE, FBE, 

Neoprene and multilayers PE, PP and PU. There are also new and more expensive technologies such as Carbon 

nanotubes, DLC, nanocomposites and self-healing coatings. Therefore, there is a range of many kinds of coatings that 

can be applied to the pipelines surface protection, however, it should be chosen very carefully and one of the reasons to 

do so is because there are some of these coatings that are not environmentally friendly. Another factor to be taken in 

consideration is the high cost of installation and maintenance of those industry plants that are subject to this 
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environment. Thus, researches for the development and large scale manufacturing of new and better coating 

technologies is much needed, nowadays and according to Petak et al. (2017), in his market projection, till 2035. 
 

2. SALTWATER  
 

Water is one of the most abundant substances in earth. According to Laly et al. (1993) and Narayan et al. (2010), 

the saltwater is mostly the water from seas and oceans, and its average salinity is about 35 kg/m³. Although the 

saltwater salinity is mainly between 31 kg/m³ to 39 kg/m³, the seawater is not uniformly saline throughout the whole 

world, as shown in Fig.1. Lerman (1986) and Libes (1992) show that the salinity measurement is made by determining 

its electrical conductivity, which is related to the amount of salts dissolved in the water. It is a very important property 

that may establish some others properties and can be correlated to its corrosion potential. Regions with high evaporation 

rates present higher salinity indices, while this value tends to decrease in colder areas, due to the fresh water intake from 

the polar ice caps. 

The salinity can still vary depending on the depth. Surface water is more saline than deep water, mainly because of 

the interactions between the ocean surface and the atmosphere (Thurman, 1997).  

 

 
 

Figure 1: World map with salinity levels of seawater from Narayan et al. (2010).  
  

2.1. Saltwater chemical composition 
 

The saltwater contains more dissolved ions than all types of water and that is the main reason why the corrosion is 

higher on materials in contact with saltwater than with the fresh or pure water (Laly et al., 1993). Due to the difference 

of salinity, the composition of the saltwater is different in each part of the world (Pinet, 1996; Tavares et al., 2016). The 

average saltwater is compost by the several elements as listed in Tab.1. 

 

Table 1: Saltwater Chemical Composition (Pinet, 1996). 

 

 
 

The chemical composition of the local saltwater is crucial to define the best choice of pipeline materials and 

coatings. Besides corrosion, it is also important taking into account the effects of other kinds of wear in pipelines, such 

as erosion, which can be increased by the flow rate and the presence of abrasive particles in the saltwater. 
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2.2. Wear due to saltwater contact 

 

The wear caused by saltwater contact with metallic structures is a main concern for the pipeline industry. 

According to Frauches-Santos et al. (2013) the saltwater properties make the environment quite hostile to the operation 

of underwater equipment which are, mostly, exposed to the most extreme conditions such as high pressure, causing 

abrasion, as well as pH levels and salinity, that can accelerate corrosion. The combined mechanism of corrosion-erosion 

accelerates the wear in an aqueous environment (Fundão et al., 2017).  

According to Singh (2014), corrosion and erosion are distinct processes. Erosion does not apply to electrochemical 

wear. It can be applied in the case of non-metallic wear. For Anna et al. (2008), erosion is a kind of wear by the 

abrasive action of fluids in motion caused by the repetitive impact of the fluid. Another form of wear, that may be 

considered erosion, just as Barber et al. (2016) present, is the implosion of bubbles formed on fluid against the surface 

of a solid body, in other words, cavitation. In agreement with Bhushan (2013), this kind of wear is usually accelerated 

by the presence of suspended solid particles. Zum Ghar (1987) showed that erosion can be classified by: solid particles 

in fluids; action of liquids; erosion-corrosion; cavitation and thermal erosion.  

Rodriguez (2018) and Moreno et al. (2015) showed that the main sources of corrosion in saltwater is 

electrochemical corrosion, as depicted in Fig.2. It consists of the conduction of electrical current in the saltwater, which 

attracts the electrons of the metal external ions, resulting in the material degradation. Other source of corrosive wear is 

the anaerobic corrosion, which is caused by the action of bacteria, such as sulphate-reducing bacteria (SRB) that causes 

metal deterioration. In order to avoid the loss of the pipelines due corrosion, it is commonly used a coating to protect its 

surface. 

 

 
 

Figure 2: Electrochemical corrosion process from Nazeer et al. (2018).  
 

In addition to corrosion, the problem of the proliferation of algae, shellfish and other marine organisms can cause 

obstruction of the pipes and biological attack on the metal (Kumar et al., 2010).  

Cavitation is another phenomenon that my causes wear to pumps and pipelines. It occurs because of high levels of 

pressure or very unstable flows, and it may lead to erosion. Greenberg (1987) explains that variations in tidal levels 

cause variations in the speed of the currents, causing more agitation. Faster currents can lead to more erosion. Besides 

this, the deep sea environment is quite different from the surface, and several conditions like total absence of sunlight, 

high hydrostatic pressure and a considerable low temperature, are also important in the studies related to the wear of the 

materials in contact with saltwater (Wang et al., 2012; Traverso et al., 2014). 

As reported by Magalhães (2013) and Verichev (2015), abrasive wear in the region of the sea floor (known as 

―touchdown point‖, TDP) is one of several challenges that metals are exposed to in an underwater environment. An 

example is the damage to flexible pipelines that carry oil from the extraction to the floating platform during deep-water 

oil extraction. 

 

3. SALTWATER PIPELINES  
 

There are a lot of industry applications that require high resistance to saltwater contact, such as tidal power plants, 

coastal factories, onshore and offshore platforms, etc. Many pipelines and machinery parts demand coatings or some 

sort of protection against corrosion, erosion, abrasion and cavitation, especially when in contact with saltwater.  

According to Antaki (2003), in the past the pipes were made of baked clay, wood, rocks and iron cast, but 

nowadays they can be manufactured in a wide range of materials, depending on the application. Some examples are 

carbon steel; ASTM A252 steel pipe; low temperature service carbon steel; stainless steel; non-ferrous metals as cupro-

nickel and tantalum lined; and non-metallic, such as tempered glass, Teflon lined, PVC (Polyvinyl chloride) and others.  

Just as Tolmasquim (2016) said, for structures with saltwater contact it is important to take in consideration a 

severe phenomenon that is a challenge: salt promotes an accelerated corrosion. As reported by CDA (1986) the pipes 

for saltwater are made, mainly, of stainless steels, bare carbon steel, galvanized steel, carbon steel coated, copper alloys, 

plastics and titanium. Conforming to Alkazraji (2008), Krauspenhar (2012) and Bahadori (2017), the material of the 

pipeline depends on the stress and pressure that is being applied on it. It cannot yield under stress or fail due to fracture 

initiation, important property that has to be considered is the mechanical resistance and the weldability. Therefore, other 

crucial factor to choose the pipeline is its manufacturing process. 
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The types of tubes are organized by their manufacturing categories. The ones used on offshore installations are 

known as seamless, submerged arc welded or double submerged arc welded (SAW or DSAW), electric resistance 

welded (ERW) and spiral weld (Guo et al., 2013). Lee (2008) also describes these three processes as the most usual 

ones for pipelines’ manufacturing. JFE Steel Corporation (n.d.) produces many kinds of tubes, including seamless pipes 

and columns, cold finished, galvanized, spiral welded pipes etc. Tenaris (n.d.), which is another tubes company, 

manufactures many kinds of seamless and welded tubes for onshore and offshore line pipe applications. These authors 

and companies reveal that the manufacturing of pipelines is a field very studied, but is passing through evolutions, not 

only regarding the material and manufacturing processes, but also takes in consideration a way to make them more 

resistant to the several mechanisms of wears that they are exposed to. 

In the field of power production, for example, tidal turbines work under destructive conditions such as abrasion 

caused by sand, corrosion because of salinity and high pressure (Lam et al., 2013).  According to Winkler (2011), the 

geological instability can also be a great challenge, like in Himalaya, Andes and Alps, where the water has high 

concentration of hard mineral particles that cause damage to pipelines and turbine components. To protect the turbine, 

mainly the moving parts, Lam et al. (2013) showed that it is required a high strength low alloy steel (HSLA) with Ni, 

Cu and Si. Furthermore, Chernin et al. (2017), Li et al. (2016) and Grogan et al. (2013) showed that not only chemical 

improvements to parts are used for protection, but also the shape of the part itself, like in the case of rotor blades of a 

turbine. The shape of the blades can prevent cavitation inceptions because of turbulence flow. 

The phenomenon of corrosion in oil and gas industry field is mentioned by Olajire (2017), Tolmasquim (2016) and 

Speight (2014), showing the impacts on its daily activities of drilling rings and production facilities. It is described how 

parts are affected by corrosion internally and externally. According to Skovhus et al. (2017) and Deyab (2018), 

microbiologically influenced corrosion is also a source of degradation in the oil and gas sector. Therefore, the corrosion 

control must be part of the daily operation routine. 

Migahed et al. (2016) showed that the desalination process is another one that presents an issue with saltwater 

contact. The process itself consists in remove dissolved solids, such as salts and minerals from sea water. This industry 

is very important because the saltwater is the most traditional and feeding source of water in the world (Kucera, 2014). 

Due to the fact of desalination plants are mostly made of metallic materials, conforming to Oldfield et al. (1997) the 

corrosion is a great deal to be prevented.  

Saltwater is commonly used as thermal fluids in coast factories, where corrosion and erosion by cavitation are 

present as an enemy factor (Touir et al., 2010). 

As reported by Sun et al. (2012) and Abdel-Gaber et al. (2011), corrosion is not only costly, but dangerous as well, 

causing a degradation of metallic pipelines at the external or internal surface of the material that has contact with 

saltwater, which leads to a great economic loss and may cause catastrophic accidents due the hostile and high pressured 

environment, not mentioning the extremely toxic substances that are extracted of the deep sea soil, as natural gas and 

petroleum.  

 

4. COATINGS FOR SALTWATER PIPELINES 
 

Coating is important for saltwater pipelines, mainly to increase their corrosion resistance (Byrnes (2017). 

Galvanizing, for instance, is a kind of coating that is very used for the pipes protection, but there are also some non-

metallic coatings, like paint, bitumen, rubber, cement, mortar, etc. Many different types of coating systems and 

technologies are being released within the past years. It is important understanding them, knowing their properties, how 

they work and how choosing them properly. According to Grainger et al. (1998), coating is a covering that is applied to 

the surface of an object, usually referred to as the substrate, in order to change the surface properties, such as adhesion, 

wettability, corrosion resistance, wear resistance or hardness.  Smith et al. (2004) reported that much progress has been 

made in the practice of using coating technology to offer corrosion protection to offshore structures and in practically 

all the structures in contact with the saltwater. For efficient cost saving, these techniques are very important. 

The most efficient coatings applied for pipelines nowadays are Epoxy, FBE, Neoprene, DLC and the most 

emerging technology is pointing out to carbon nanotubes, nanocomposites, and self-healing coatings (Yasakau et al., 

2014).  

According to Guan et al. (2007), pipeline industry uses mastic and copolymers that are two different types of 

coating adhesives. Recently developed, the two-layer coating system and the three layer polyethylene has greater 

resistance against impact, lap shear and peel adhesion strength if compared to the less technological coating systems, 

that conforming to Amadi et al. (2014) is coatings such as PU and PE. Based on Moraga et al. (2006), polymer blends 

behave as an electrochemical barrier, as well as a physical barrier that shows corrosion inhibition by improving 

adhesion to the stainless steel substrate. 

Comparing epoxy and solid polyurethanes, the application cost of solids polyurethanes is lower than the epoxy 

coatings just because of the amount of application each one has, as described by Guan (2001). Following the author’s 

idea, the coating cost is a result of numerous costs and it should cover installation, joint coatings and repairs. Studied by 

Echeverria (2016), the coating system with epoxy-siloxane topcoat has better performance than the traditional 

polyurethane topcoat. The author concluded that the impedance module and protective action to the substrate, due to its 

high resistance to water uptake, is higher with the epoxy-siloxane topcoat. Also a higher concentration of silicon and 

oxygen increases its corrosion protection. 
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Another largely widespread technique of coating, described by Dalbin et al. (2005), is the chromate anti-corrosive 

coating. The main point of the authors article is a silica-based coating which is easy to implement, has a lower cost and 

is as just efficient as the chromate coating. 

The reliability of the coatings depends directly on the quality of the treatments applied on the surface and the 

application procedures (Mirza et al.,2016). For saltwater corrosion protection, its quality depends on the well-balanced 

cycle of four likely important elements: specifying and using a proper coating system, a proper surface preparation for 

receiving it, a proper application of it, and a quality inspection of it (Guan, 2001). Some other characteristics that 

provide a good coating for the pipelines are reported by NACE (2007): adherence to pipe, free of defects, pores, flaws, 

must be an insulating barrier; should be harmless to environment; the coefficient of thermal expansion of the metal 

should be less than this coefficient of the coating film and the resistance to abrasion and to UV degradation should be 

high. Besides this, the surface preparation is also important, in order to remove oxides, oil, grease or other 

contaminants, which can be removed by solvent cleaning or blasting. Samsudin et al. (2016), describes how adhesion is 

optimised by controlling the physical and chemical properties of the adhesive. 

 

4.1. Mostly common coatings technologies for saltwater pipelines 
 

One of the most common coatings technologies for saltwater pipelines is the FBE (Wei et al., 2007). It is a high 

performance anti-corrosion coating that provides good protection for small and large diameter pipelines with moderate 

operating temperatures. According to Nguyen et al. (2004) and Amadi et al. (2014) FBE has excellent adhesion to steel 

and also provides an excellent resistance to cathodic disbandment which reduces the total cost of cathodic protection 

during the operation of the pipeline (Melot et al., 2009). This coating provides tough physical properties that minimize 

damage during handling, transportation, installation and operation and FBE has also been designed for good chemical 

resistance under most soil conditions. 

The three layer polyethylene coating (3LPE), according to Khanna (2008), is a high performance FBE with a 

copolymer adhesive and an outer layer of  polyethylene which adds long lasting protection. Nowadays, it is well known 

that the performance of fusion-bonded epoxy coatings can be improved through advanced composite coatings 

reinforced with nanomaterial (Saliba et al., 2016). These properties can be applied to provide a great protection for 

small and large diameter pipelines. This process has several advantages, like low temperature flexibility, excellent 

handling, impact resistance and corrosion resistance. Another technology, reported by Guan et al. (2007), is the three 

layer system that uses the copolymer adhesive to guarantee shear properties, combined with the epoxy layer to provide 

corrosion resistance.   

The multi-layer PE coating is another technique that is already known for some decades. It is basically a two-layer 

corrosion protection system that combines the proven protective qualities of a polyethylene outer coating with a special 

butyl rubber adhesive. The advantages of this coating are resistance to mechanical damage, resistance to soil 

contaminants and cathodic destruction, temperature range from 241 K to 353 K and long-term corrosion protection in 

pipes up to 3.5 m diameter (Suzuki et al., 1984).  

The three layer polypropylene coating (3LPP) is also an anti-corrosion system that consists of a high performance 

FBE followed by a copolymer adhesive and an outer layer of polypropylene which provides the toughest and the most 

durable pipe coating solution available in the industry by 2008 (Khanna, 2008). One interesting benefit of this technique 

is the acquirement of tough outer layer of polypropylene that protects the pipelines during transportation and 

installation, reducing maintenance costs.  

More recently, Mirza et al. (2016) presented another durable and inexpensive choice of coating, known as AE 

coating by modified bitumen. It that has been successfully used for corrosion protection of steel pipes and the main 

benefit consists in an excellent adhesion to steel, due the bitumen properties that provides a track record of long term 

corrosion resistance. Its main limitation is the temperature of the fluid being transported that cannot exceed 363 K. AE 

is a much safer and more environmentally friendly system than other similar coatings, like some old ones based on coal 

tar enamel, which contain carcinogens, as reported by Robinson et al. (1984).  

The neoprene rubber coating system is another important technology, which consists of a multi-layer coating on a 

primer bonding agent and an outer layer of polychloroprene that is normally hot-bonded to the steel using a 

vulcanization process in a steam autoclave. It provides tough, durable protection for pipelines and risers with good 

resistance to water take-up, hydrocarbons and ozone. It can also be applied as a field joint coating on site, cured using 

heated electrical tapes (Long et al., 1980 and Runxiu et al., 2014).  

Another interesting coating, used to increase the pipeline weight and consequently avoiding buoyancy is the 

concrete weight coating. According to Subedi (2017) it is recommended to provide negative buoyancy for offshore 

pipelines, providing resistance against waves, steady currents and corrosion. It is available in various thicknesses and 

densities, applied by an impinged method, making it ideal for large diameter pipelines, and can have anti-corrosion and 

insulation coatings applied over it. 

 

4.2. Upcoming coatings technologies for saltwater pipelines 
 

One of the most promising coatings technologies for saltwater pipelines is Diamond-Like Carbon (DLC), which 

has been used for internal coatings in pipelines (Wang et al., 2014). Even though DLC is a good choice to prevent 

corrosion, it shows a considerable grade of degradation, (Bueno et al., 2018). Liu et al. (2018) reported that DLC 
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process has some limits for its application because of its low level of adhesion on the substrate surface. But this 

limitation can be reduced by applying plasma immersion ion deposition (PIID) as a considerable choice of DLC 

application. As it has a better deposition rate, there is a possibility of applying a thicker layer that can be more 

conformed to the substrate (Wei, 2010). Costa et al. (2011) did an experimental study with a DLC film 20% 

hydrogenated, showing that it is very effective for the prevention of corrosion under saline solutions. 

More recently, important studies have been carried out in nanotechnology applied to coatings. According to Ribeiro 

(2013), carbon nanotubes are sheets of graphene coiled to form a nearly one-dimensional cylindrical structure with a 

diameter from 1 to 2nm, as shown in Fig.3. Depending on how the graphene sheet is rolled up, the nanotubes may 

exhibit metallic or semi conductive properties. Ebbesen et al. (1992) reported that this low-dimensional systems 

exhibits physical properties such as high mechanical strength, high flexibility, electrical and thermal characteristics that 

can vary significantly depending on the microscopic structure of the tube. Radosavljevic et al. (2001) consider that they 

are the most resistant natural fibers. Some methods have been used for the production of carbon nanotubes, among 

which three are the main ones: the arc discharge method and the laser ablation, that are both under high temperatures 

methods and a low-temperature one, chemical vapour deposition (CDV) (Larrudé, 2007).  

 

 
 

  Figure 3: A) Single nanotube, B) Multilayer nanotube, from Mao et al. (2017).  
 

Vieira (2010) presented a study applying two types of epoxy tubing coatings, one carbon nanotube attachment and 

other titanium dioxide ceramic nanoparticles, added with silver. They can minimize corrosion and improve the lifetime 

of materials and the resistance to high pressure and temperature, during the process of extracting the oil in the sea soil. 

Epoxy/graphene based compounds have been investigated for thermal-mechanical performance by Ribeiro et al. 

(2015). These nanoindentation analyses showed significant increases in Young's modulus (72%) and hardness (143%). 

The system is characterized as multifunctional nanocomposites due to the simultaneous gains in thermal and mechanical 

properties.  

Several new alternatives to corrosion control according to Lopes (2017) are being developed. According to Costa et 

al. (2014), the problem with all the coatings is that they are passive. If the coating itself is damaged, even in a visually 

imperceptible magnitude, the corrosion process begins to act immediately. According to the authors, the solution may 

be in an active material, capable of self-healing. It is an important solution that can increase considerably the lifetime of 

pipelines that is also known as smart coatings.  

Self-healing materials are those which can restore nearly or all of its original functionality after being damaged, 

thus, healed completely or partially. In other words, a self-healing material can detect and automatically heal damage, in 

other words, the healing process proceeds without any manual intervention (Nazeer et al., 2018). According to Wang et 

al. (2018) various healing agents were proposed for the application of anticorrosive coatings, such as isocyanate, epoxy 

resin, alkyd resin, organic silane, and drying oil. Among them, drying oil had received much attention due to its 

sustainable resource, cost effective feature, and autoxidative film forming mechanism. Although the self-healing coating 

shows an excellent healing ability and corrosion inhibiting function for the microcracks, the anticorrosive performance 

of the scratched self-healing coating is not comparable with the intact epoxy coating, but they together can create an 

excellent coating. 

The technique requires, according to Falcón et al. (2015), the deposition of the protection layer by layer through 

intelligent nanoreservoirs to increase the performance of active protection systems. These tiny molecular containers, 

containing corrosion inhibitors that are dispersed over hybrid or organic coatings, offer the release of the active material 

in a controlled manner, thus being able to contain the corrosion reactions on the affected areas and offering an efficient 

self-repair ability for the coatings. Wang et al. (2018) reported that the efficiency of self-healing coatings can be 

increased about 6 times by using magnetism. The present work demonstrated the accelerated self-healing activity of 

magnetic MWCNTs microcapsules in protecting copper surfaces. They present was a very simple and versatile 

procedure for making magnetic self-healing microcapsules considered to be low cost and suitable for marine 

engineering. 

 

4.3. Viability of  upcoming coatings technologies for saltwater pipelines 
 

The losses caused by corrosive processes are considerably high in the industry. As reported by Passadore (2013), 

these costs are around 3% to 4% of a nation's GDP, showing that technologies that minimize this process are of vital 
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economic importance. Corrosion must be analysed through direct costs, which involve replacement, repairs, labour, 

energy, maintenance, and indirect costs that are relate to accidents, loss of life, quality, efficiency, contamination and, 

other costs generated by corrosion (Oliveira, 2016).  

From previous knowledge of this environment and its characteristics that are responsible for the deterioration of the 

materials, it is needed the development of methods to combat corrosion Frauches-Santos (2013). This choice depends 

on the nature of the material to be protected and the salinity level. The cost and the time required to use the method 

should also be considered. Currently, several anticorrosive techniques have been used, such as coatings, cathodic and 

anodic protection and corrosion inhibitors. Most of the techniques promote the isolation of the metal from corrosive 

agents, thus reducing the possibility of corrosion. Silva et al. (1998) states that among the existing anticorrosion 

protection methods, industrial paint, especially epoxy resin paints, is one of the most commonly used techniques, due to 

its easy application, maintenance and good cost-benefit ratio. As know, the anticorrosive mechanism of this polymeric 

resin acts as a barrier between the environment and the metal substrate which gives a great electrical and chemical 

behaviour in corrosive scenery. On the other hand, as Shchukin et al. (2006) pointed, even new processes such as self-

healing, DLC and nanocomposites, although still very complex and expensive, if taking in consideration the average 

cost of the damage caused by corrosion, they are very viable, mainly in industrial plants and high value goods, for 

example, onshore, offshore and pre-salt plants which have an initial pipeline investment around $4500.00 dollars per 

square meter (Petak et al.,2017).  

 

5. CONCLUSION 
 

The study of wear on metallic pipelines, caused by saltwater and the ways to prevent it, is very important to the 

industry in order to guarantee a longer lifetime and reliable operation. Installations such as tidal power plants, coastal 

factories, nuclear and thermoelectric power plants, onshore, offshore and pre salt platforms demand high investments, 

which justify the use of expensive and modern coating materials, such as DLC, carbon nanotubes, nanocomposites and 

self-healing coatings. The technologies presented in this literature review show how the research in pipeline coatings 

has been advancing recently, both to provide more environmentally friendly coatings materials, and to get better 

coatings properties, with a longer lifetime, reducing maintenance costs and risks. Lots of markets which require those 

technologies are growing, taking for example the petroleum industry and the oil and gas in the USA that, conforming 

Petak et al. (2017), has a projection from 2017 to 2035 to gain $1.06 to $1.34 trillion dollars of investment in that 

period. If taking into account that this sector is not the only one that is demanding those technologies, it is very clear 

how new research and development in this field are extremely necessary and motivated by the industry real needs.  
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