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Abstract - Pipelines are one of the most important transportation systems to a nation’s economy. They are used for 
transportation of many things from one place to another like drinking water, oil, gases, sewage etc. In other terms, they are 
used to link the Points of Production to Points of Consumption. But generally with time, pipelines whether buried in the 
ground, exposed to the atmosphere, or submerged with water corrodes away due to its interaction with the working 
environment. In this work, corrosion of different coated mild steel pipelines has been investigated at several environmental 
conditions e.g., in distilled water, salt water solution, acidic solution and alkaline solution. The methods involved in this 
investigation are Weight Loss Testing method, Optical Microscopy and Wettability measurement through Goniometer. The 
performance of each coating has been investigated for mild steel in 3.5 wt% NaCl solution, 5% mild acidic solution and 5% 
mild basic solution via Optical Microscopy, Weight Loss method and change in Contact angle with water indicating 
corrosion process. Results show that Epoxy coating in distilled water solution, Polypropylene coating in salt and alkaline 
solution and Polypropylene on Epoxy coating in acidic solution are the best feasible options when compared in terms of cost. 
It has also been observed that during Wettability test, Contact angle measurement with water increases once substrate is 
initiated for corrosion indicating more cohesion property of coated sample with water. 
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I. INTRODUCTION 
 
Pipelines help in transportation of drinking water, oil, 
gases, chemicals, petroleum products and other 
substances. They are long linear assets and hence are 
of critical significance for the economy. But they are 
in severe threat due to an electrochemical reaction 
generally termed as Corrosion. Corrosion is a process 
in whichthe purified metal converts into more 
chemically stable compound in the form of oxide, 
sulfide. Corrosion vitiates useful properties of metals 
as well as non-metals which includes strength, 
appearance and permeability. Sometimes corrosion 
can be a desired process such as creating local pits on 
the surface and reduction in surface reaction 
(Passivation and chromatic corrosion). Corrosion in 
pipelines occurs due to electrochemical reaction 
between the pipeline and its surroundings. It is the 
result of gradual and continuous attack of 
environment on the pipe materials.Pipe materials 
affected by corrosion include metal and non-metal 
pipes, pipe joints, welds and surface coatings. An 
example of pipeline corrosion is metal rusting in the 
presence of moisture and oxygen, which results in the 
formation of oxide of the metal, such as iron. 
Environmental conditions that influence corrosion are 
soil chemistry, ambient humidity, proximity to salt 
water, turbulence, velocity andpressure and type of 
transported liquid or gas. 
 
II. LITERATURE REVIEW 

 
Corrosion protection in Water Supply Projects 
Devab et al.[1] studied the corrosion protection of 
epoxy coating on MS pipes. SEM (scanning electron  

 
microscopy) and EIS (Electrochemical Impedance 
spectroscopy) were used for the investigation of 
epoxy coated pipes. It was found that the 
incorporation of hydrogen phosphate compound 
particles increased the anti-corrosion and mechanical 
properties of epoxy coating. Jinsun et al. [2] used Zn 
coating on pipe material and studied the corrosive 
protection mechanism of arc-spray coating in soil 
environment. It was noticed that the arc spray Zn 
coating system had long term corrosion protection in 
chloride ion solution.Yucheng et al. [3] studied the 
effect of corrosion in water of very high salinity 
produced in Tuha oil field. The dynamic condition 
analysis of new corrosion inhibitors was evaluated in 
this study. The microscope corrosion morphology of 
sample was observed by SEM. The calculated 
corrosion rate was represented by the formula. 

Va = C*(Wo-W)/pAt 
Va = Annual corrosion speed,mm/year; C = corrosion 
factor; Wo & W = Weight of steel before and after 
corrosion, g; p = density, g/cm3; A = Surface area of 
metal steel,cm2; t = Corrosion time, hr. 
 
III. WETTABILITY TEST 
 
Contact angle measurement 
For precise and quick analysis of surface energy, 
surface tension and adhesion property wettability test 
conducted. Contactangle is a measure of adhesion 
property of sample with specific solution. Higher 
contact angle means low adhesion property between 
substrate and solution and vice versa. Drop of 
distilled water poured on different coated samples 
before and after exposure through Goniometer to find 
the contact angle.In Goniometer measuring apparatus 
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flow rate of DI water recorded as 0.16 ml/min, 
volume of distilled water measured in the tube was 2 
micro liter and temperature recorded as 22 degrees 
Celsius.For normal paint coated sample contact angle 
measurement before and after exposure is shown in 
fig 1 and 2 respectively. 

 
Fig. 1: Contact angle of Normal painted coat with DI water 

before exposure 

 
Fig. 2: Contact angle of Normal painted coat with DI water 

after exposure in water solution 
 

 
Fig. 3: Contact angle measurement of each coated sample in DI 

water solution 

 
Fig. 4: Contact angle measurement of each coated sample in 

Salt water solution 

 
Fig. 5: Contact angle measurement of each coated sample in 

Acidic solution 

 
Fig. 6: Contact angle measurement of each coated sample in 

alkaline solution 
 
From the Fig. 3, 4, 5 & 6 it can be understood that 
after exposure for 12 days of each sample, contact 
angle decreases in each different solution. It indicates 
that adhesion property increases. Increase in adhesion 
property will certainly indicate higher susceptibility 
towards further corrosion.  This method is basically 
qualitative method rather than quantitative method 
which point out initiation of corrosion process. 
Change in angle doesn’t provide any particulars of 
extent of corrosion.  
 
IV.WEIGHT MEASUREMENT 
 
Weight measurement method is simple and long 
established method of estimating corrosion rate in 
plant and pipelines. Corrosion in wet environment 
results in dissolution of elements reducing the weight 
and in general, the corrosion products do not adhere 
to the substrate. It results in weight loss of the metals. 
Corrosion product, iron oxide (FeO), is a blistered 
substance which doesn’t adhere to underlying steel 
structure. That’s why rusty pipelines start dripping.  
In all cases, weight loss is observed. In all solutions 
like distilled water, salt solution and in alkaline 
solution there is very slight decline in weight from 
initial when samples were exposed for 15 days. In 
acidic solution change in weight loss measured is 
significant as shown in fig 7.  
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Fig. 7:Weight variation of sample in acidic solution 

 
From fig 7 it can be clearly seen that highest weight 
loss observed in without coated MS plate and lowest 
weight loss observed in polypropylene on epoxy resin 
and epoxy coated samples. 
 
V.OPTICAL SPECTROSCOPY 
 
Featured area in spectroscopy image 
Different coated samples are allowed for exposure for 
minimum 12 to 15 days in different solutions like 
Normal distilled water, salt water solution, mild 
acidic solution and alkaline solution. For each coated 
sample feature area is calculated before exposure and 
after exposure. The difference between feature area 
between before exposure and after exposure vs type 
of coated samples is shown in Fig. 8. 

 
Fig. 8: Difference of feature area vs coated samples 

 
From the Fig. 4, it can be understood that maximum 
difference observed in the case of Mild steel in each 
solution whereas minimum difference observed in 
Polypropylene coating on epoxy resin for each 
solution. Difference in feature area indicates extent of 
surface affected in the presence of respective 

solution. Higher the difference between feature area 
before and after exposure, higher the corrosion rate of 
coated sample in respective solution. 
 
VI. COST ANALYSIS 
 
As the cost of each coating on pipeline changes 
drastically, so it is very important to check feasibility 
of each coated pipe sample in each solution 
practically. The difference in cost of each coating is 
shown in Fig. 8 

 
Fig. 8: Cost vs Types of Coating 

 
From the fig. 8, it is clearly visible that the cost of 
coating of polypropylene on epoxy resin is very high 
as compared to normal paint. In this cost calculation 
cost of sand blasting on mild steel pipelines is 
included. So, there is about INR.37 lakh difference 
between normal paint and polypropylene on epoxy 
resin coating per kilometer pipeline. Quantity of 
coating calculation is done for 500 mm NB (nominal 
bore diameter) as per IS 3589. Above cost 
comparison is on the basis of thickness of coating 
required for 500 mm NB pipe having weight 74.28 
kg/meter. In all cases three layer of coating cost is 
calculated which is standard for different pipe 
manufacturer to protect pipe from corrosion. These 
rates were taken from different coating manufacturer 
dated 10th March 2018 to 25th March 2018. 
 
CONCLUSION 
 
It is observed that maximum corrosion happens for 
bare mild steel and minimum corrosion identified for 
polypropylene on epoxy resin. In terms of weight loss 
in acidic solution there is huge decline in weight for 
each coating except polypropylene on normal paint 
and polypropylene on epoxy resin. It indicates that in 
acidic solution even epoxy and polypropylene resin 
are not sufficient to restrict changes.  When compared 
in terms of cost to check feasibility of pipeline 
coating in practical situation, different results were 
obtained for each different solution as summarized in 
Fig 9. 
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Fig. 9: Cost vs Corrosion index 

 

From the fig 9, it is clearly understood that in distilled 
water epoxy resin coating, in salt water solution and 
alkaline solution polypropylene coating whereas for 
acidic solution polypropylene on epoxy resin coating 
will be the best feasible option in terms of cost and 
corrosion.  
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