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Abstract

In this paper, evaluation the influence of vibration on the corrosion rate of API 5L X60 and API 5L X80 carbon steel pipelines used for
delivering of crude oils. A grouped of equipment are constructed laboratory and then used in the vibration-immersion corrosion test. The
experimental results demonstrated that the vibration effects on crude oil properties and contribute to the dissociation of components of
crude oils essentially water, dissolved gases and asphalt which leads to increase the corrosion rates compared to static case. The vibration
process effect on the material compositions, i.e., the vibration effect on bonds between atoms of metal which leads to reduces of re-

sistances of material to corrosion process.
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1. Introduction

There are usually two types of pipeline vibration: steady state
vibration and nonlinear transient vibration. Over a long period of
time, steady state vibration occurs due to forced or cyclic vibra-
tion. For a relatively short period of time, a nonlinear transient
vibration occurs and stops quickly [1, 2]. The crude oil pipeline
vibrations can be initiated in a number of ways but can result in
very significant effects if the resonances are involved. The crude
oil pipeline vibration can be induced due to various factors such as
high wind speeds, high flow rate, fluid petroleum pressure varia-
tions and pumps [3].

The corrosion in petroleum pipeline is one of the significant prob-
lems confronting the petroleum industry operators. This problem
is closely associated with the presence of water, dissolved gases
(CO2 and H2S), asphalt and sediments that accumulates in the
pipeline and contains a variety complex component including
chlorides, sulfates, and salts [4]. In addition, different parameters,
including metallurgy and vibrations from different sources, affect
the corrosion rate of the crude oil pipeline [5].

Different experimental methods are used for testing and estimation
of corrosion rates. Among them only the immersion test method
can be employed to study the vibration effect in metal corrosion
rates. An immersion test is a method that is not electrochemical. In
immersion test, the metal specimen of the well-known area is
exposed for a period of time to the solution and then the loss of
metal mass due to corrosion process has been measured [6-7].

Hart et al. [8] studied the oil pipeline wind-induced vibration phe-
nomenon. They show that the oscillation can result from the effect
of the horizontal wind flow across the oil pipelines and the ampli-
tudes of these oscillations are normally quite small, but the accu-
mulation of these oscillations can lead to induce damage in pipe-
lines. Habib et al. [9] developed a simple numerical method based
on the resonance frequencies asymptotic formulae and shapes
mode for identifying and characterizing the small internal corro-
sion in a pipeline through structural vibration analysis. They show
that the method developed gives accurate results to determine the
location of the corrosion as well as from the measured information
a suitable initial guess can be obtained for the reverse of the meth-

od developed. Fei [10] studied the fretting corrosion induced in
the electrical connector by the vibration phenomenon. They exam-
ined the effect of normal force on fretting corrosion caused by
vibration, and the results showed that the vibration had a greater
effect on fretting corrosion. Safri et al. [11] investigated the Ku-
wait's crude oil pipeline corrosion problems that used for trans-
porting crude oil from fields in Wafra south Kuwait to the Arab
Gulf export port. It is found that half of the pipelines have severe
corrosion through the pipeline length and need repairs. Kong et al.
[12] used numerical methods and non-destructive methods to
study vibration failure of the stainless steel piping system induced
by the fluid flow. They determine the maximum operating pres-
sure under vibration effects that a piping system can withstand.
Eslami et al. [13] studied the free vibration of pitted corroded
plates under condition that the plates were simply supported. They
showed that the different patterns of corrosion have little influence
on natural frequency reduction and the ratio of pit depth to plate
thickness has no influence on natural frequency reduction. Wael et
al. [14] proposed that a new sensor may be used under the action
of vibration for quality inspection of newly manufactured pipes
and study the flow accelerated corrosion. The technique is based
on the analysis of the piping system's vibration response and pro-
vides both the wear's magnitude and location due to flow acceler-
ated corrosion. Yang et al. [15] introduced a new vibration method
for detecting pipeline corrosion damage by measuring the pipe-
line's first and second natural frequencies and then comparing it
with the results obtained from the numerical method. They found
that the result obtained from numerical method is agreement with
the result acquired from the developed method. Lu et al. [16] ana-
lyzed by using both the numerical simulation method and experi-
mental approaches the oil pipeline vibration phenomena resulting
from the oil fluid reciprocal pump pressure pulsation. Their results
showed that the influence of the pipeline vibration could result in
pipe failure, distortion and damage. Also, they indicate that both
thermal stresses and raise temperature affected on vibration ampli-
tude of pipelines.

The objective of this study is to examine the effects of the vibra-
tion on the corrosion rate of two types of seamless carbon steels
APl 5L X60 and APl 5L X80 used for crude oil pipelines at
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Maysan oil fields southern Irag. An experimental immersion-
vibration test apparatus is collected and used for testing. Three
types of crude oil assembled from Maysan oil fields Bazergan,
Faga and Halfaya south of Iraq were considered for testing. The
effect of various parameters includes vibration, temperatures,
crude oil compositions and pipeline materials were studied and
discussed.

2. Crude oil samples analysis

The crude oil found in Iraq essentially vary as far as of quality
with API gravities generally are ranged from 22° (heavy crude oil)
to 35° (light to medium crude oil) [16]. The raw crude oil samples
used for testing are gathered from three different oil fields in the
Maysan proven southern Iraq (Buzerkan, Halfaya and Faga) oil
fields. The crude oil material compositions, physical properties
and dissolved gases are analyzed in the Nahr Umer laboratory of
South Oil Company of Irag and it is outlined in Tables 1 and 2
respectively.

Table 1: Material Constitution of Buzerkan, Halfaya and Faga Crude Oils.

X60 <042 541 Min. 627 27 Min.

Materials constitution Fields

(ppm wt) Bazerkan Faga Halfaya
Iron 2.2 3.76 2.8
Copper 3.6 5.1 31
Vanadium 32 31 34
Nickel 10 11 7.1
Cadmium 0.41 0.52 0.23
Aluminum 0.13 0.31 0.16
Manganese 0.17 0.22 0.27

3. Pipelines materials and sample preparation
for testing

By using two different types of pipeline materials, APl 5L X60
and API 5L X80 seamless carbon steels, the crude oil was trans-
ported over a distance of 300 km from the Maysan oil fields to the
Al-Basrah terminal at the Arab Gulf. The diameter of API 5L X60
pipeline is 71.12 cm and a wall thickness of 14 mm, while the
diameter of API 5L X80 pipeline is 122 cm and a wall thickness
of 16 mm. Tables 3 and 4 show their elemental chemical composi-
tions and mechanical properties of the two pipelines materials.

Table 2: Physical Properties of Buzerkan, Halfaya and Faga Crude Oils

Properties el
Bazergan Faga Halfaya

API 24.7 22.5 27
Sulfur % 5.12 3.89 4.85
Water content % 2 1.96 1.75
Salt NaCl ppm 44 24.4 14
Asphaltenes % 13.2 12.5 10.1
Specific gravity at 20°C 0.8901 0.9048 0.8835
ZK(;?gmatlcs viscosity cst at 45 335 44
Dielectric Constant 1.78 211 1.92
H,S (@) ppm 0.49 0.44 0.37
CO; (g) ppm 0.57 0.67 041

Table 3: The Percent of Material Composition of X60 Carbon Steel [18]
Elements % Elements %
© 0.007 Al 0.008
Si 0.22 Cu 0.013
Mn 1.63 Ti 0.010
P 0.01 \Y 0.072
S 0.005 Nb 0.052
Cr 0.011 N 0.008
Ni 0.011 Mo 0.228

Table 4: Mechanical Properties of X80 and X60 Carbon Steel [17-18]

Tensile

Permissible Yield strength Elongation
e yield point ratio  MPa (Min.) ls\;rgggth % (Min.)
X80 < 0.90 555 Min. 625- 700 20 Min.

The test specimens were cut and manufactured from the X60 and
X80 carbon steel pipeline materials for the purpose of the immer-
sion test with dimensions of (50 x 25 x 5) in mm. The specimens
were polished with 160, 180, and 200 grade sandpapers, then the
specimens are cleaned by wishing with distilled water. After that,
at atmospheric pressure and temperature, the specimens are dried
by hot air. A hole was drilled on the central of each specimen for
suspension process. A total of 75 specimens were processed for
testing. Figure 1 shows samples of carbon steels X60 and X80.

A-X60 carbon steel B- X80 carbon steel.
Fig. 1: Immersion Testing Specimens.

4. Immersion test and apparatus

The grouped devices used in the vibration-immersion corrosion
test are constructed laboratory according to ASTM G32-03 [20,
21] and illustrated in Figure 2. Basically, the apparatus consists
from vibrating test table (VIBCO’s model US-900); this table is
produced by VIBCO Co. Inc., USA and used as a source for gen-
erating vibrations. The grouped devices also included a tablet
digital electrical heater model SD300; these types of heaters are
produced by Bibby Scient. Ltd. UK that used to regulate the tem-
perature during test. A 500 ml glass beaker was mounted on a
plate of the electrical heater and full with crude oil solutions for
testing.

The vibration -immersion corrosion test was conducted at sets of
temperatures (25, 30, 35, 40, 45, 50, 55 and 60°C). The mass loss
during test is record for a constant period of time 15 days and for a
total period of testing of 180 days at the test temperature.

The standard clean solution used for removing the oxidation prod-
uct on specimen surface after test consists from 50g of SnCl. +
20g of ShCs in 1000 ml of concentrated HCI [22], [23]. After each
15 days of testing the specimens are withdrawn from the test oil
solution and washings by kerosene to remove the residual asphalt
and other components of crude oil that deposits in specimen sur-
faces. Then, the test specimen is insertion in a beaker contains the
cleaning solution for 3 mints according to procedure given by
ASTM G1-90 [22] to remove the oxidation product. The specimen
was finally weighted and the mass losses were recorded. Subtrac-
tion the mass weighted from the initial mass of specimen; the
mass loses due corrosion process (W) is obtained. The corrosion
rate (Cr) is computed from the mass loses (W) using the formula
[24]:

WxK

Cr - pAt

()
Where,

K =8.76*10* for Cr in mm/year.

p: Mass density of steel in kg/m?3.

A: Total surface area of specimen cm?.
t: Time of immersion in hr.
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Fig. 2: Schematic Diagram for Immersion Test Apparatus.

5. Results and discussion

In order to demonstrate the effect of vibration on API 5L X60 and
API 5L X80 carbon steel corrosion rate values and on crude oil
properties, the corrosion vibration test is performed using 100 Hz
vibration frequency with 0.5 mm amplitudes. Both static and vi-
bration corrosion test of X60 and X80 carbon steels results are
illustrated in Figures 3 and 4 respectively. It has been shown that
the difference in corrosion rate between static and vibration for
both types of steel alloys in the three crude oil types is small after
30 days of immersion test. However, the trend has been reversed
for longer immersion times. This is because the increase in im-
mersion time, increases the values of corrosion reactions on spec-
imen surface, i.e., increased of the dissolution of the steel under
the continuous attack of corrosive ions and agents in crude oil on
the surface of the specimen, leading to increased weight loss over
time. As shown in Figures 3 and 4, the corrosion rate obtained for
vibration case is greater than that obtained from static case.

0.56
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Fig. 3: Vibration and Static Corrosion Rates for X60 Steel Pipe at 25°C.
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Fig. 4: Vibration and Static Corrosion Rates for X80 Steel Pipe at 25°C.

The corrosion rate values of X60 and X80 carbon steels tested in
Bazergan, Faga and Halfaya crude oil at 25°C under vibration and
static immersion tests after 180 days are outlined in Table 5. If
corrosion rate is compared between crude oil of the three fields, it
can be seen that the Bazergan crude oil exhibits higher value of
corrosion rate and Halfaya crude oil has smallest values, while
Faqa crude oil has a moderate value. This may be due to the high-
est water percentage of Bazergan crude oil and high impurities,
i.e. salts, dissolved gases and material compositions as shown in
Tables 1 and 2 respectively. It was observed that both material
pipes throughout the test period were found to have unstable in-
creases in corrosion rate.

It can also be noted that the corrosion rate of the X80 carbon steel
pipe material is lower, while the X60 carbon steel material has
high corrosion rate. This attributed to the differences in chemical
composition practically the elements of C, P and S as given in
Tables 3 and 4. The C, P and S metals are more active compared
to other types of elements especially (Mo and Nb) and causing the
X60 carbon steel material more prone to corrosion. The corrosion
rates of X60 steel for static and vibration tests are 0.4685 and
0.5432 mml/year respectively, whereas for X80 steel at static and
vibration tests are 0.4196 and 0.4705 mm/year respectively.

Table 5: Corrosion Rate Values After 180 Days at 25°c

Immersion test condtions Corrosion rate (mm/year)

Bazergan oil Faga oil Halfaya oil
X60 Carbon steel
Static 0.4685 0.3927 0.3041
Vibration 0.5432 0.4461 0.3407
X80 Carbon steel
Static 0.4196 0.3789 0.2236
Vibration 0.4705 0.3817 0.2711

The vibration process effects on metal surface and on crude oil
components that contributed on corrosion process. This both re-
duction and oxidation process are directly influenced by vibration
process. In general the vibration is increased the kinetic energy
possessed by crude oil components and then accelerated the
movement of these components. These increased the speed up
arrival of corrosion components into the surface of metal. The
collision between these components in a crude oil provides the
kinetic energy needed to break the necessary bonds and new bonds
can be formed, thereby increasing the rate of the corrosion reac-
tion. Additionally, the vibration contributed to the braking of the
slag film which is made up due to oxidation process on the metal
surface. As a result, a small cavities and dig is made up on these
slag films on metal surface which becomes as points of corrosion
cell formed on surfaces. These events enhance corrosion rates.

To clarify the common influence of vibration and temperature on
corrosion rate of X60 and X80 carbon steels in the various types
of crude oil solution. The corrosion rates have been drawn as a
function of temperature as described respectively in Figures 5 and
6. Each vibration and temperature affects the interaction rate be-
tween the crude oil components and the pipeline material surface.
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Both vibration and temperature effects on various components of
crude oil includes asphalt, water, salts, trace element and dissolved
gases. Both vibration and temperature affected on movement and
distribution of ions and charges in a solution of crude oil results
increases of oxidation process.

Asphalt is one of the most important components of crude oil that
affects the process of corrosion. Its polar composite and it is ag-
glutinated on the metal surface and the membrane layer construc-
tion, this layer works to isolate the surface of the metal from the
crude oil component that causes corrosion. This helps to reduce
the corrosion reactions and then the rates of corrosion. Both raises
the temperature or vibration process contributes to dismantle the
asphalt and increases the percentage of ions in crude oil solution
and this lead to increase corrosion rates. As given in Table 2, the
Bazergan crude oil has larger asphalt contents 13.2 %, while the
crude oil from Faga field has 12.5 % and that value for crude oil
from Halfaya is 10.1%.

The water accumulated as a thin layer at the bottom of the pipeline
due to the difference in density between crude oil and water. In-
crease the sliding of crude oil layers over a water liquid thin
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Fig. 5: Vibration and Static Corrosion Rate of X60 Steel Pipe at Different

Temperature.
0.8
075 1 —H—Bazergan (vibration)
"7 | - Bazergan (static)
o 0'7: —A—Faqa (vibration)
&
2 065 1  —&Faqa (static)
£ (06 | —S—Halfaya (vibration)
E’ 055 | —®—Halfaya (static)
g l
§ D'Si
£ 045
B 4
O 04 A
0.35
0.3 A
0.25 T T — T .
20 25 30 35 40 45 50 55 60 6!

Temperature ( °C)
Fig. 6: Vibration and Static Corrosion Rate of X80 Steel Pipe at Different
Temperature.

layer at the bottom of the pipe as a result of the vibration process.
This increased water erosion process and reactivity of the water
with metal surface. Also, vibration effects of the bonded between
water components and accelerates it is dissociated into ions H+
and OH-. The ion H+ raises the acidity, i.e. the pH of crude oil
and accelerates the oxidation processes.

The dissolved water in the crude oil containing various chlorides
salts in particular NaCl, MgCl and CaClz. The concentrations of
NaCl salt are presented in Table 2. The vibration as well as tem-
perature effects on these salts and causing ionization, deliques-

cence and mixing with different components contains in the crude
oils. The ionized process involves breaking up the bonds between
these salts and constricting new acids and releasing chloride ions
that enhance the the occurrence of corrosion pitting. The rising
temperatures during the immersion vibration corrosion test are
caused a salt hydrolysis in the water of crude oil and formation of
HCI and this enhance the corrosion processes. Chlorides salts
hydrolysis is listed by the following reactions:

NaCl + HO ———NaOH + HCI @)
MgCl, + 2H,0 —— Mg (OH)2 + 2HCI ®3)
CaCl, + H20O —— Ca0 + 2HCl @)

Crude oil contains various trace elements (vanadium, nickel, cop-
per, aluminum, cadmium, manganese and iron) both temperatures
and vibration effects on the reactivity of these elements with other
ions in crude oils solution. The concentration of some of these
elements are high especially vanadium and nickel. Table 1 shows
their difference in trace element between the three crude oils test-
ed. Some of these elements are corrosive only at very high tem-
perature, i.e., vanadium and nickel. From these elements, because
of its reactivity the iron and copper is more effect by vibration and
temperature. Iron has more tendencies to interact with water and
sulfur and this reaction enhance by the vibration process. The
copper ions react with sulfur and this produces a wide range of
copper-sulfur salts and the reaction can be given as:

®)

The dissolved gases H2S and CO:2 are present in the crude oil;
these dissolved gases are affected by vibrations. The reaction be-
tween CO2 and H2S gases with iron generated various oxide films
such as iron sulfide FeS, iron carbide FesC and iron carbonate
FeCOs. The vibration contribute to destroy these oxides films and
make up the chloride ion easily access through these films and
reach to the metal surface. This process contributes to increase
oxidation rates. The vibrations enhanced dissociations of H2S gas
and release the Hz gas. The Hz generation increases the acidity,
i.e., pH values of crude oil and results increase corrosion prob-
lems.

The vibration has a large effect on molecular structures of X60
and X80 carbon steels. It is helped to break up or crashes the
atomic bond between compositions elements of these material and
it is increased the deformations that take place within and on the
material surfaces. Also, it is reduced the bonds between the atoms
on the surfaces of metal and other substances of materials. So,
these processes reduce the material resistance to oxidation process
and it is lead to increase the corrosion rates.

The microscopic view of the test specimens under static and vibra-
tion immersion test after 180 days at 25°C was illustrated in Fig-
ures 7, 8 and 9. The surface of the specimens shows damage, de-
fects, cavities and pits spread throughout the entire surface. It is
also notes that the oxide slag layer spreads on certain points of the
surfaces. Comparisons between X60 and X80 carbon steels show
that the X60 carbon steel specimen surfaces have more pits and
large cavities under the same testing condition compared to X80
carbon steel. These pits and large cavities are also distributed arbi-
trarily across the surfaces. The vibrations create deformations that
are concentrated in the crude oil wall pipeline’s defect area. Pits
and cavities were created on the specimen surfaces as a result of
the corrosion process; these pits and cavities created increases as a
result of increased deformation resulting from the vibration ef-
fects. Also, it is noted increased in the oxide films layer cover
specimen’s surfaces after vibration test compared to static test.

2Cu+S ——p-CusS
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Fig. 7: Surface Morphology of Specimens after Test in Halfaya Crude Oil.
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Fig. 9: Surface Morphology of Specimens after Test in Bazergan Crude
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6. Conclusions

Based on the vibration and static corrosion tests results, the con-
clusions of the paper can be summarized as follows:

The crude oil properties are effects by the vibration process
and the vibration enhance the separation of different crude
oil components from each other particularly the water, or-
ganic salts and asphalt.

The corrosion rate values effects by vibration process and
the corrosion rate under vibration is larger than that under
static cases for the same conditions.

Bazergan, Faga and Halfaya crude oils show high, moder-
ate, and low values of the corrosion rates respectively.

The temperature effect directly on the vibration process, i.e.,
high temperature leads to increase vibration of metal and
crude oil which increases of the oxidation reactions of cor-
rosion process.

The vibration process reduces the link between the atoms or
molecules within the steel materials and on the surface of
materials and other substances of materials and reduces the
material resistance to oxidation process. This contributed to
increase the corrosion rates and spread of corrosion along
the internal surface of crude oil pipeline.

The vibration accelerates the oxidation reactions of dis-
solved gases H2S and CO: and accelerates the dissociation
of the slag film and increases the initiation of pits at the
metal surface.
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