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ABSTRACT 

Corrosion is a process of decreasing the quality of a material because it reacts with the environment. The 
corrosion process takes place spontaneously and is a natural event that cannot be avoided. This research 
was carried out to determine the relationship between the fluid flow rate of seawater flowing in the channels 
of API 5L grade B standard galvanized pipe and seamless pipe specimens on the corrosion rate using flow 
modeling for 4 months. The research variations used were variations in flow rate, namely 50%, 75%, and 
100%. Corroded pipe specimens were cleaned, weighed, and photomicrography. From this research, it was 
found that the higher the flow rate, the higher the corrosion rate that occurs, and the corrosion that occurs 
is abrasion corrosion and pitting corrosion. 
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Introduction 

Corrosion is an event that reduces the quality of 
metal materials due to interaction with the 
environment [1]. The operation of a large ship is 
always equipped with a cooling system and a ship 
balancing system with fluid using seawater, so a 
piping system is needed to circulate the cooling 
fluid [2]. The flow rate of a corrosive fluid can 
initially increase the corrosion rate by bringing a lot 
of oxygen to the surface of the material. At high 
speeds, only a few oxygen ions can reach the surface 
of the material, resulting in a slowdown in the 
corrosion rate. If this happens, the corrosion rate 
will decrease after the initial increase. On the other 
hand, high flow rates can also increase the rate of 
corrosion by damaging the protective layer or 
causing mechanical damage [3].   

Since there is no discussion regarding the 
relationship between the rate of seawater fluid 
flowing in steel pipes and the rate of corrosion in 

steel pipes transmitting seawater, for this reason, 
the author examines this relationship. 

Corrosion comes from the Latin word 
"Corrodere," which means metal destruction or rust 
due to the environment [4]. Corrosion is a process 
of degradation/deterioration/destruction of 
materials caused by chemical, physical, and 
biological environmental influences [5]. The 
corrosion mechanism cannot be separated from 
electrochemical reactions, which involve the 
transfer of electrons as a result of reduction-
oxidation (redox) reactions. The main elements of 
corrosion are anode, cathode, electrolyte, and 
conducting medium [6]. 

Factors that influence corrosion: 
1. Material factors, including material purity, 

material structure, crystal form, material trace 
elements, and material mixing techniques. 

2. Environmental factors, including the level of air 
pollution, temperature, humidity, and the 
presence of corrosive substances.  
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3.  Electrical factors that influence metal elements 
in chemical processes that will produce 
corrosion.  
Erosive corrosion or abrasion is a combination 

of corrosive fluids and high flow speeds. Erosive 
corrosion occurs because erosion and corrosion 
support each other [7]. Erosive corrosion can also 
be caused by impingement corrosion as a result of 
very fast fluid speeds and eroding the protective 
layer on the metal. Damage to pipes in systems that 
use seawater caused by corrosion can cause various 
bigger problems, both in construction, such as ship 
hulls or other marine construction, and in systems 
on ships, including engines that use seawater 
cooling, which is very dependent on pipe resistance 
to corrosion [8]. 
  

Methodology  

This study used flow rate variations of 0%, 50%, 
75%, and 100% for 4 months. Each treatment is 
marked with the type of pipe, valve opening size, 
and test duration. For example: PG.075.04, which 
means PG for galvanized pipe and PN for seamless 
pipe, 075 is the size of the valve opening, and 04 is 
the length of the month of testing.  
 
a. Specimen 

The specimens used are galvanized pipe and 
seamless pipe standard API 5L grade B, NPS ¾ inch, 
SCH 40. 
 
b. Test equipment 

 
 

Figure 1. The side view of the scheme of corrosion 
test equipment 

c. Fluid Flow Calculations  

Flow rate:  

A

Q
V =

 

where:  
V: flow rate (m2/sec) 
Q: flow rate (m3/sec) 
A: surface area (m2) 
 

Reynolds number:   



VxD
=Re

 

where:  
V: flow speed (m2/sec)  
D: pipe diameter (mm) 
v: viscosity of water 

- Re < 2300, laminar flow 
- 2300 < Re < 4000, transition flow 
- Re > 4000, turbulent flow 

 
 

Figure 2. The top view of the scheme of corrosion 
test equipment 

 
d. Corrosion Rate Calculation 

The corrosion rate in this study is defined as the 
increase in the amount (weight) of corrosion that 
occurs as a function of time. Measurement of the 
weight of corrosion that occurs is carried out by 
cleaning the corroded specimen until it is clean, 
then weighing it. The weighing results are used to 
reduce the initial weight of the specimen before the 
experiment. 
 
Corrosion weight = initial weight – final weight 
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% corrosion %100
 weightintitial

weightcorrosion 
 =  [1] 

 
e. Metallography 

Metallographic observations are carried out to 
determine the microstructure of the test specimen; 
in this case, micrographic observations are carried 
out. 
 
f. Micrographic Photo Observation Process 

 
 

Figure 3. Specimen section for micro photos 

 

 

Figure 4. Fiber printing process 

 

 

Figure 5. Material polishing 

 

 
Figure 6. Polishing results 

 

 

Figure 7. Micrography process 
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Result and Discussion 

a. Corrosion Rate  

Using the method described previously, the 
necessary data and calculations are carried out to 
obtain the corrosion rate, both on galvanized and 
non-galvanized pipes, with variations in seawater 
fluid flow rates, which are regulated by valve 
openings. The research results are presented and 
explained in the following tables, figures, and 
descriptions 
 
Table 1. Data on dissolved content in the seawater 

fluid used Data on dissolved content in the 
seawater fluid used 

No. Type of analysis Content 

1. Salinity 29,45 ‰ 

2. Chlorinity 16,3 ‰ 

3. pH 7,6 

4. Dissolved O2  1,76 mlO2/lt 

 
Table 2. Data from the testing results of pipe 

material composition 

No. 
Type of 

Pipes 

Content (%) 

Fe Mn Ni Si Zn 

1. Galvanized 93.85 0.19 0.01 0.03 4.96 

2. 
Non-

Galvanized 
99.80 0.16 - 0.01 - 

 

Table 3. Data on the percentage of galvanized pipe 
corrosion 

  Flow rate (valve opening) 

  50% 75% 100% 

Corrosion 
Rate 
after: 

1 
month 

0.02% 0.03% 0.05% 

2 
months 

0.07% 0.09% 0.15% 

3 
months 

0.14% 0.22% 0.24% 

4 
months 

0.23% 0.57% 0.85% 

 
 

 

Figure 8.  Comparison of corrosion rate with 
variations in fluid flow rate in the galvanized pipes 

Figure 8 shows a comparison between the 
corrosion rates that occur between each flow rate, 
where the corrosion rate of galvanized pipe at a 
flow rate of 100% occupies the highest position, 
followed by a flow rate of 75% and a flow rate of 
50%, or in other words the more The higher the 
flow rate through the galvanized pipe, the greater 
the rate of corrosion that occurs in the pipe. 
 
Table 3. Data on the percentage of non-galvanized 

pipe corrosion 

  Flow rate (valve opening) 

  50% 75% 100% 

Corrosion 
Rate 
after: 

1 
month 

0.47% 0.49% 0.52% 

2 
months 

1.39% 1.36% 1.50% 

3 
months 

2.63% 2.84% 3.18% 

4 
months 

4.52% 5.02% 5.11% 
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Figure 9.  Comparison of corrosion rate with 

variations in fluid flow rate in the non-galvanized 
pipes 

Figure 9 shows a comparison between the 
corrosion rates that occur between each flow rate, 
where the corrosion rate of non-galvanized pipe at 
a flow rate of 100% occupies the highest position, 
followed by a flow rate of 75% and a flow rate of 
50%, or in other words the more The higher the 
flow rate through the galvanized pipe, the greater 
the rate of corrosion that occurs in the pipe. 
 

 

 
Figure 10.  Comparison of corrosion rate with 
variations in fluid flow rate for galvanized and 

non-galvanized pipes 

From 10, it can be seen that, for both galvanized 
and non-galvanized pipes, the fluid flow rate 
influences the pipe corrosion rate. The higher the 
fluid flow rate in the pipe, the higher the rate of 
corrosion in the pipe. The corrosion rate due to 

fluid flow in non-galvanized pipes is higher than the 
corrosion rate in galvanized pipes for the same fluid 
flow rate. 
 
b. Microstructure Observations 

Observation of the microstructure of pipes, both 
galvanized pipes and non-galvanized pipes, is 
carried out by carrying out micrographic 
observations, which is one of the metallographic 
observation methods. 

Observations were made on each variation of the 
specimen after being subjected to corrosion testing. 
The aim is to find out whether corrosion also occurs 
on the inside of the pipe or only in the part exposed 
to the fluid flow of seawater. This will help in 
determining the type of corrosion that occurred on 
the specimen. The final goal is to determine the 
protection or protection against corrosion that will 
occur in pipes in systems that use seawater. 
 

  

(a) 

 

 (b) 

Figure 11. Photo of the microstructure of the 
galvanized pipe specimen before the corrosion 
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test, (a) 100x magnification, (b) 500x 
magnification 

 

    

(a) 

 

(b) 

Figure 12. Photo of the microstructure of the 
galvanized pipe specimen, with a fluid flow rate of 
0%, (a) 50x magnification, (b) 200x magnification 

 

  

(a) 

 

 (b) 

Figure 13. Photo of the microstructure of the 
galvanized pipe specimen, with a fluid flow rate of 
50%, (a) 50x magnification, (b) 200x magnification 

 
  

(a) 

   

(b) 

Figure 14. Photo of the microstructure of the 
galvanized pipe specimen, with a fluid flow rate of 
75%, (a) 50x magnification, (b) 200x magnification 
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(a) 

   

(b) 

Figure 15. Photo of the microstructure of the 
galvanized pipe specimen, with a fluid flow rate of 

100%, (a) 50x magnification, (b) 200x 
magnification 

 

 

(a) 

   

(b) 

Figure 16. Photo of the microstructure of the non-
galvanized pipe specimen before the corrosion 

test, (a) 100x magnification, (b) 500x 
magnification 

 

  

(a) 

  

(b) 

Figure 17. Photo of the microstructure of the non-
galvanized pipe specimen, with a fluid flow rate of 
0%, (a) 50x magnification, (b) 200x magnification 
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(a) 

   

(b) 

Figure 18. Photo of the microstructure of the non-
galvanized pipe specimen, with a fluid flow rate of 
50%, (a) 50x magnification, (b) 200x magnification 

 
 

  

(a) 

  

(b) 

Figure 19. Photo of the microstructure of the non-
galvanized pipe specimen, with a fluid flow rate of 
75%, (a) 50x magnification, (b) 200x magnification 

 
  

(a) 

 

(b) 

Figure 20. Photo of the microstructure of the non-
galvanized pipe specimen, with a fluid flow rate of 
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100%, (a) 50x magnification, (b) 200x 
magnification 

 
From metallographic observations, there is no 

visible intergranular corrosion or corrosion at the 
grain boundaries of the microstructure. Meanwhile, 
on visual observation, some specimens showed 
pitting and abrasion marks on the pipe surface, 
both galvanized and non-galvanized pipes. From 
this observation, we can conclude that the 
corrosion that occurs is abrasion and pitting 
corrosion. 

 

Conclusion 

From the tests and observations that have been 
carried out, it can be concluded that: 
1. The relationship between seawater fluid flow 

rate and corrosion rate in this experiment is that 
the higher the flow rate, the higher the corrosion 
rate that occurs. 

2. The corrosion that occurs is abrasion corrosion 
and pitting corrosion. 
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