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ABSTRACT – In pipeline systems, fouling may cause 

pressure loss, reduce the transmission and distribution 

capacities; that requires more than just a routine 

maintenance. If fouling in the pipeline is evident, there 

are chances for it to occur throughout the length of the 

pipes and if is left unattended, it can weaken the pipe 

walls until the entire pipeline requires a complete 

replacement. Over the years, various methods to prevent 

and mitigate fouling have been studied and the most 

recent is a surface treatment method. The promising 

properties and wide range applications has made surface 

treatments attracted significant attention. Such surface 

treatment methods are PTFE coating, hybrid coating and 

self-cleaning coating technology. This review highlights 

the key issue of surface treatment activity and their 

features in antifouling technology for pipeline system. 

 

1. INTRODUCTION 

Fouling is usually defined as a sedimentation and 

agglomeration of undesirable substances, for example, 

suspended solids, insoluble salts and algae, on the 

internal or external surfaces of processing equipment 

including pipeline, heat exchangers, and engineered 

structures such as vessels [1]. Fouling on the surface can 

lead to a major negative impact on the equipment 

operating efficiency. This is because it reduces the 

transportation efficiency and generates high 

maintenance costs [2]. Fouling in the pipeline is not a 

new problem faced in industries such as oil and gas 

industry. In fact, fouling has been known for a long time 

and much research on pipeline fouling mitigation has 

been conducted by researchers. The factors that control 

fouling in the pipeline are numerous and varied. One of 

these factors may be related to the properties such as 

their chemical properties, interfacial properties,  

viscosity, densities and diffusivity. Lackner and 

Guggenbicher [3] mentioned that hydrocarbons for 

example, crude oil is exposed to fungal and bacteria 

contamination, where fungi and bacteria live and 

multiplying  in water droplets in the fuels and on the 

surfaces surrounding it. This can lead to corrosion in 

exploration and production of oil and will block off the 

fuel line. Other factors that equally essential to the 

fouling issue may be related to the operating condition 

and equipment design such as geometry, flow rate, 

properties of the alloy used and wettability of surfaces 

where fouling takes place [1]. All of these factors that 

may affect fouling need to be measured and taken into 

account in order to avoid fouling or take the necessary 

measures  for fouling mitigation, control, and removal. 

This brief review will focus on recent developments of 

implementing antifouling technologies in the pipeline 

system, especially in oil and gas industries. 

 

2. ANTIFOULING TECHNOLOGIES 

To date, several techniques and control strategies 

have been adopted by oil and gas industries to avoid and 

diminish fouling. These include utilizing antifoulants or 

chemical fouling inhibitors used to reduce fouling in 

many systems. Such antifoulant is Tributyltin (TBT) 

containing antifouling paint which was widely used in 

the commercial vessels to control fouling. However, the 

used of TBT caused environmental problems as it is 

toxic to the environment resulted in the application 

being banned [4]. After the ban of TBT containing 

antifoulant, copper paints have been used as an 

alternative despite their higher toxicity to the 

environment. In addition, many other compounds are 

also commonly used as an antifouling including zine, 

pyrithione, and cholorothalonil. However, some of these 

antifouling compounds are now under strict regulations 

in various regions due to possible unwanted effects to 

the ecosystems [5].   

Besides, biocides were also added to hydrocarbons 

itself in refineries to reduce the extent of fouling. A few 

accessible biocides for industries such as glutaraldehyde 

and hydroxymenthyl phosphonium sulfate (THPS) were 

used [6]. The addition of biocides to fuels can reduce or 

even stop the microbial growth. However, there are 

some drawbacks such as an overdose of the biocides 

may cause damage to the engines, produce the 

unwanted combustion by product in the exhaust gases, 

and relatively involve high costs to the industries [3]. 

In order to inhibit or diminish the effect of fouling 

problems, another common antifouling method adopted 

by pipeline industries is the surface treatment method. 

Surface treatment may prevent fouling in the first place 

and is more efficient with physical stability and high 

chemical resistance in order to avoid the loss of mass 

upon long term exposure or an increase of surface 

energy [7]. 

Many efforts have been made to diminish fouling 

by surface treatment method which is by coating the 

internal pipe surface with polytetrafluoroethylene 
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(PTFE) owing to its nonstick properties. PTFE coatings 

are multi-component sprayed coatings performed for 

corrosion and fouling resistance. Unfortunately, some 

potential disadvantages of these coatings such as poor 

abrasion resistance, thermal conductivity and adhesion 

to the metal surface making them incompatible for 

commercial use. To deal with this, electroless nickel 

phosphorous–PTFE (Ni-P-PTFE) composite coating 

was developed. This metal based nonstick coating has 

good effect on the adhesion strength and mechanical to 

the substrate. However, these coatings were found to 

flake off during a long term fouling test which showed 

that the resistance of this coating need to be improved 

[8]. 

On the other hand, another method that has been 

introduced to overcome the fouling issue is the hybrid 

coating. The organic/inorganic hybrid coating 

technology can contribute to the acquisition of an 

antifouling coating with chemical, mechanical and 

thermal stability properties [9]. However, the 

development of new hybrid coating requires a basic 

understanding of the fundamental chemistry as well as 

the parameters that influence the processing technique. 

Besides, it was also shown that some hybrid coatings 

already exist with substantial commercial potential; 

though have not yet reached commercial status due to 

difficulties and challenges for large scale industrial 

production including cost, ease of manufacturing and 

environmental issues. 

Recently, Li et al. (2016) has observed the new 

strategy to prevent fouling in pipeline system by 

developing a self-cleaning surface [10]. The self-

cleaning surface is based on an understanding of the 

principles, function and structures of various objects 

that display self-cleaning found in living nature. Three 

types of surface that offer solutions to keep a surface 

clean include superhydrophobic, superoleophobic, and 

superhydrophilic. Wang and Bai (2015)  [11] reported 

that the protuberant/swelling morphology can improve 

both the hydrophobicity and hydrophilicity by 

controlling the surface morphology. Among the existing 

methods to control surface morphology, laser surface 

texturing has been proven to be an effective method to 

improve the surface features by texturing morphology 

on the substrate [11]. It is a favourable method due to 

the excellent control surface roughness from nano to 

micro scale, single step processing under ambient 

conditions, and ability to work with a large range of 

materials. Various studies have been conducted utilising 

several types of laser source on various types of coating 

substrate with the various patterns produced to generate 

the textured surface with low wettability properties.  

 

3. CONCLUSIONS 

Considering the huge potential impact of 

antifouling technologies, especially in the pipeline 

system, it is estimated that in the following years, 

researchers will come up with new ,methods that will 

initiate the next generation of antifouling technologies 

that focus on the economic savings, environmental 

sustainability, and high durability which can prolong the 

longevity of the piping system. For these objectives, 

surface treatment with laser surface texturing method is 

expected to meet these requirements due to its numerous 

advantages that are compatible with the future needs. 
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