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Abstract: The present paper deals with the influence of vibration and temperature on corrosion rate of ASTM 

A537 carbon steel used for crude oil storage tanks of Basrah fields south Iraq. Experimenting immersion 

method was used for testing, studied and analyzes behavior of ASTM A537 carbon steel corrosion rate. 

Three types of crude oils: light, medium and heavy crude oils were collected from tanks of export and used 

for test. The experimental immersion test results demonstrated that the vibration increases the corrosion rate 

compared to static case. The light crude oil show larger value of corrosion and heavy crude oil show smaller 

values, while medium crude oil show moderate values. 
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I. Introduction 

Corrosion in crude oil storage tanks is one of the major problems confronting designers and operators in the 

petroleum industry. This problem is closely associated with the presence of water and contaminants, which 

accumulates in the tanks and contains a number of complex components, including chlorides, sulfates, H2S and 

microorganisms. Furthermore, vibration and collision as well as the turbulence of oil, in the floating roof tank 

could aggravate the destruction and crevice corrosion of the storage tanks [1] 

Crude oil sloshing or the movement of crude oil from one side to another in storage tanks may cause vibrations 

in tanks. Some vibrations are initiated in the metal tank itself. Most tanks are built by welding sheets of steel. 

The longitudinal welds undergo corrosion as a result of vibrations during filling and emptying [2]. Corrosion 

rate is affected by various parameters including metallurgy, mechanical stress in the material and vibrations 

from different sources. Nanjo et al. [3] studied the effects of velocity and pressure vibration on the erosion 

corrosion behavior of mild steel (SS41) in tap water, with an impingement jet flow apparatus and a water bath. 

Their results showed that the mass loss in the steel increased when the velocity ranged from 0 m/s to 0.5 m/s, 

but decreased when the velocity was above 0.5 m/s. The oxidation number of the iron oxide in the corrosion 

products was smaller in the flow field than in the static field. Flowers et al. [4] investigated the relationship 

between applied excitation levels and fretting corrosion rates via single frequency vibration tests. Their results 

showed that fretting corrosion rates increased in a monotonic trend when the excitation levels are above the 

threshold; their group also found that the threshold level varied as a function of dynamic behavior, tie-off 

conditions, and mass or stiffness properties. Afshin et al. [5] introduced an equivalent mass method to consider 

the effect of the corrosion phenomenon on the dynamic properties of large tanks. Their Analytical results 

revealed that corrosion or long-term erosion has remarkable influences on the natural frequency, the mode-

shapes of structures and the vibration in the tanks. Abd El Hallem et al. [6] investigated the effect of ultrasonic 

vibration and mechanical vibration treatment on the corrosion behavior of an Mg-3Zn-0.8Ca alloy. Their results 

showed that the ultrasonic vibration is more effective than the mechanical vibration.  

The objective of this study is to examine the effect of vibration on the corrosion rate of ASTM A537 carbon 

steel used for crude oil storage tanks by an experimental immersion test method. Three types of crude oil (light, 

medium, and heavy) exported from the Basrah oil fields in the south of Iraq were considered for testing. The 

effects of such parameters as time of immersion and temperature were studied in detail. 

 

II. Crude Oil Samples 

Crude oils found in Iraq significantly vary in terms of quality, with API gravities generally ranging from 22° 

(heavy) to 35° (medium to light). The API gravities of over 70% of the national oil reserves are below 28° [7]. 

Basrah crude oils for export are mainly sourced from Rumaila, Zubair, and West Qurna, which are the three 

largest active fields in Basrah. Most crude oils are stored in large tanks at Al-Fao city and Maniaa Am Qaser 

before export. Table 1 lists the specifications of Basrah light, medium, and heavy crude oils. These 

specifications were collected from petroleum export reports from south Iraq and Soomo Company. 
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Table 1. Physical properties of the three types of crude oil 

Properties 
Crude oil types 

Light Medium Heavy 

API Gravity 34 30 24 

Sulfur 1.9 3.3 4.2 

Water and sediment content % max 0.2 0.32 0.67 

Salt ib 100.00 Brt 8 9 12 

Water contents % 1 0.8 0.9 

Asphalt content Wt % max 1 1.6 3.2 

Specific Gravity @ 15.6oC 0.859 0.867 0.907 

H2S (g)  ppm 1.73 1.11 1.32 

CO2 (g)  ppm 3.1 2.4 3.5 

 

 

III. Crude Oil Storage Tanks Plate Materials 
Table 2 lists the element composition of the metal plate of ASTM A537 carbon steel, which is generally used 

for the crude oil storage tank plates of Iraq [8]. The mechanical properties of ASTM A537 carbon steel are 

summarized in Table 3. 
Table 2. Chemical composition of ASTM A537 carbon steel [9]. 

Metals % 

 

Metals % 

Fe 97.58 Cr 0.025 

C 0.24 Si 0.5 

Mn 0.9 Mo 0.08 

P 0.035 Ni 0.25 

S 0.035 Cu 0.35 

 
Table 3. Mechanical properties of carbon steel ASTM A537 [9]. 

Properties Density (kg/m3) Poisson’s ratio Elastic modulus (Gpa) 

Values 7700 -7750 0.27- 0.3 I. - 210 

 

IV. Sample Preparation 

Coupons were cut from the plates of a storage tank to approximate dimensions of 25 mm × 50 mm × 6 mm for 

the purpose of immersion testing. Test coupons were prepared in the engineering college workshop at Basrah 

University. A hole was drilled on the middle of each specimen. The specimens were polished using emery paper 

of different metallographic grades (180, 500, and 800), cleaned with distilled water, and then dried in an 

airstream at room temperature. A total of 50 coupons were processed for testing. Figure 1 shows the shape and 

size of the coupon specimens. 

 
 

 

 

 

 

 

 

 
V. Immersion Test 

An immersion test is a non-electrochemical method. Corrosion rate is determined by the conventional weight 

loss/gain technique. Through this technique, the loss of a metal as a consequence of corrosion is measured by 

exposing a metal specimen of a known area to the environment for a particular period and finding the weight 

difference before and after exposure [10]. 

The immersion test was conducted at different temperatures (25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 5 °C and 

60°C). The temperature was regulated by water baths for an exposure period of 180 days. The water baths have 

a shaker regulated to provide a maximum frequency of 5 Hz. The corrosion mass loss is measured for a set 

period of different time duration (15 days) and for (180 days) at the set temperatures. Figure 2 shows three water 

baths which were used for testing. A four-digit weighing balance was used to determine the weight difference of 

each specimen before and after the immersion test. 

Figure 1. Specimen for immersion test 
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The cleaning solution contains 50 g of sodium hydroxide, which is the reagent, and 200 g of zinc dust in 1 L of 

water. The mixture is boiled for 5 min at atmospheric pressure [11]. The coupon is removed from the oil 

solution, washed with kerosene to remove oil deposits, and immersed in the cleaning solution for 1 min to 

remove the oxidation films. Finally, the specimens were air-dried at room temperature. The coupon was 

weighed, and its mass weight was recorded. The weight of the cleaned coupon was subtracted from the initial 

weight to determine the mass loss from corrosion. The corrosion rate (Cr) was calculated by assuming uniform 

corrosion over the entire surface of the coupons. The weight loss (W) may be converted into the corrosion rate 

using the following expression [12]: 

 

      
At

K*W
Cr


                                                                                                    (1) 

 Where, 

K = 8.76*104  for (Cr) in (mm/year), ρ is the mass density of steel in (kg/m3),  A is the total surface area of 

specimen (m2) and t: Time of immersion in (hr.)  

 

 
      

VI. Results and Discussion 

Figure 3 shows a comparison of the corrosion rates obtained from the static and vibration immersion tests of 

ASTM A537 carbon steel in the light, medium, and heavy crude oils at room temperature. As indicated the 

corrosion rate increased under action of vibration for three kinds of crude oils. However, the increase in the 

corrosion rate is not uniform. This trend is attributed to the fact that vibration contributes to the removal of the 

corrosion products from the immersed metal surface portions attacked by corrosion during tests and the increase 

in the reaction at the immersion specimen surface. 

Table 4 shows the corrosion rates of the three types of crude oil subjected to static and vibration immersion tests 

after 180 days. As shown in Table 1 the corrosion rate of heavy crude oil is the lowest, whereas that of light 

crude oil is the highest. The medium crude oil exhibits a moderate corrosion rate. 

 

Figure 2. Water bath provide by shaker and digital weight balance 

3-Water Bath provide by controlled shaker. 4-Digital weight balance 
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Table 4. Values of corrosion rate for three types of crude oil after 180 days of immersion test. 

Immersion test conditions 
Corrosion rate mm/year 

Light crude oil Medium crude oil Heavy crude oil 

Static 0.3721 0.3467 0.3047 

Vibration 0.4924 0.4561 0.3907 

 

Vibration affects the rates of oxidation and reduction reactions that occur on the metal surface. The energy of 

ions is increased by increasing the movement of the particles and impurities in the crude oil solutions (by 

increasing the average translational kinetic energy of the molecules), thereby increasing the rate of the corrosion 

reaction. Vibration also enhances corrosion reaction by contributing to the destruction of the oxide film on the 

steel surface; as a result, a large number of oxide pits are produced. In most cases, vibration prevents the 

formation of a passive film on the surface and allows corrosion to occur. These events enhance penetration and 

initiate pit formation on the metal surface. 

Figure 4 shows the effects of temperature and vibration on the corrosion rates of the three types of crude oil. As 

indicated by Fig.4, both temperature and vibration enhance and increase the values of corrosion rate.

Temperature and vibration affect the rate of the reaction between various crude oil impurities and steel surfaces. 

The reaction velocity at the surface with crude oil impurities increases as the temperature increases. This change 

can be attributed to the increasing temperature, which affects the various properties of crude oil, especially its 

salt content, asphalt composition, water percentage, and amount of dissolved gases. Vibration also affects the 

distribution of internal charge and ions in the crude oil solution. As the temperature increases, the degradation of 

the crude oil impurities and salts increases. Thus, through vibration, the ions in the crude oil promote the 

reactions, move more freely through the crude oil, and increase their movements. Consequently, increases the 

oxidation and reduction processes result in faster corrosion process. 
 

Asphalt has high molecular weight and polar compounds; thus, this material has a higher tendency to be 

adsorbed on the coated metal surfaces because it forms a stronger bond with the coated metal surface. As the 

concentration of asphalt increases, the corrosion rate decreases, as shown in Table 2. The higher the 

concentration is, the more protective the asphalt layer is. Asphalt does not conduct electricity well because of its 

high carbon concentration. Raising the temperature causes the dissociation of the asphalt, increases the number 

of ions in the crude oil solution, and decreases the solution density. 

Vibration increases the reactivity of the water dissolved in crude oil and directly affects the dissociation of water 

in crude oil into H+ and OH−. The applied vibration increases the stretching modes of the bonds in water and 

enhances reactivity because the internuclear distance is intimately associated with the reaction coordinate, and 

such association may play a role in increasing the oxidation and reduction processes. The H+ ions increase the 

acidity of crude oil such that the pH value of crude oil increases, thereby affecting the corrosion rates. The 

adsorbed hydrogen ions reduce the surface energy of the metals, thereby decreasing the energy required to cause 

materials to separate and enhancing the corrosion process. 
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Vibration affects the salt decomposition in the water dissolved in crude oil. Crude oil contains different salts, 

such as NaCl, MgCl, and CaCl2. These salts are crystallized or ionized in the water present in crude oil. In 

addition to temperature, vibration helps mix these salts with water, resulting in the breakdown of the molecular 

structure and the loosening of the bonds in the crystal lattice of the salts. Consequently, this process releases 

ions, especially chlorides, which can cause corrosion pitting. The rising temperatures during the immersion test 

of ASTM A537 steel in crude oil caused salt hydrolysis in the water in crude oil, consequently allowing the 

formation of HCl and instigating corrosion problems in the test specimen. 

The higher the temperature is, the higher the vibration frequencies of the atoms and molecules are. A vibration 

frequency increase reduces or destroys the bonds between the atoms in the steel material; as a consequence, the 

deformations occurring inside and on the surface of the metal increase and the resistance to the corrosion 

oxidation process is reduced. Vibration leads to the reduced cohesion between the surface atoms of the steel 

material. ASTM A537 carbon steel does not have properties that dampen vibrations. However, given the high 

density of this material, large deformations appear as vibration effects. 

 

VII. Conclusions 

Based on the tests conducted, the conclusions of the paper can be summarized as follows: 

1- Corrosion is dependent on vibration: as vibration increases, the corrosion rate increases. 

2- Light, medium, and heavy crude oils show high, moderate, and low corrosion rates, respectively. 

3- The effects of vibration on crude oil properties also contribute to the dissociation of impurities, especially 

water and asphalt. 

4- The higher is the temperature, the higher is the vibration frequency, and the higher is the corrosion rate of  a 

material. 

5- Vibrations are considered to be the main causes of the transmission of corrosion failure along the metal 

surface of crude oil tanks. 
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