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a b s t r a c t

Based on the actual operational parameters of a subsea multiphase pipeline, an experimental study
on the internal corrosion of a subsea multiphase pipeline was conducted in a dynamic, high-
temperature autoclave, which had a similar environment to an actual field environment, using the
partial pressure of CO2 (PCO2), velocity of the corrosion medium, temperature, corrosion time, and
corrosion inhibitor as variables. The results show that CO2 resulted in severe localized corrosion and
that the corrosion rate increased as the PCO2 and velocity increased; the corrosion rate first
increased and then decreased with increasing temperature. The corrosion rate peaked at approx-
imately 65 �C and then decreased continuously afterwards; the corrosion rate decreased as the
duration of the experimental period increased. Under the operational conditions of the selected
subsea pipeline, localized corrosion caused by CO2 was still the primary corrosion risk. Several
types of corrosion inhibitors could inhibit the occurrence of localized corrosion for a short time
period; however, most corrosion inhibitors could not completely inhibit localized corrosion.

Copyright © 2015, Southwest Petroleum University. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

As the “lifeline” for the development of offshore oilfields,
subsea pipelines play a vital role in the production and transpi-
ration of offshore oil and gas [1]. However, corrosion is a major,
hidden danger that threatens the normal operation of subsea
pipelines. According to statistics [2], corrosion is the first cause
for failure of subsea pipelines.

Between the 1940s and 1950s, many countries began con-
ducting research related to corrosion caused by CO2. In the 1970s,
there was a second upsurge in research that focused primarily on
the mechanisms and influencing factors of corrosion [3]. Since
then, there has been extensive theoretical and experimental
research on the corrosion of subsea pipelines, studies that have

primarily focused on the mechanisms of corrosion, prediction of
corrosion rates, analysis of the ultimate bearing capacities of
corroded pipelines, and the use of corrosion inhibitors in
retarding corrosion.

(1) Mechanisms of corrosion and corrosion rates

Based on extensive corrosion data obtained from experiments
conducted in laboratories and field monitoring, many petroleum
companies and research institutions have proposed a number of
different corrosion prediction models, which can generally be
classified into three types: empirical models, semi-empirical
models, and mechanism models [4e8]. Neural network predic-
tion methods have also been used to predict the corrosion rates
of subsea pipelines.

(2) Ultimate bearing capacities of corroded pipelines

Choi et al. [9] conducted an experimental study and a nu-
merical simulation analysis of X65 corroded gas pipelines. Netto
et al. [10] studied the effects of the geometric parameters of
corrosion and the properties of pipeline materials on the ulti-
mate internal pressure of pipelines through a reduced scale
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experiment and a numerical simulation analysis. Pfennig A.
[11,12] found that the presence of CO2 at high temperatures
(40e60 �C) considerably corroded steel pipe. Zhang Yucheng
et al. [13] researched the relationship between fracture tough-
ness of CO2 corrosion scale and the corrosion rate of X65 pipeline
steel under a supercritical CO2 condition. Esmaily M. et al. [14]
investigated the effect of temperature on the NaCl-induced at-
mospheric corrosion of MgeAl alloy AM50 in the laboratory.

(3) Research on corrosion inhibitors

Inhibitors have been primarily applied as individual treat-
ments for corrosion because inhibitors have been proven to be
successful and cost effective [15e18]. Inhibitors can act as a
surface active component and can form a protective layer on the
substrate, modifying the properties of the surface [19,20].

To date, most studies have focused on understanding and
quantifying the performance of either corrosion inhibitors or
scale inhibitors [21]. R. Ketrane et al. [22] studied the effects of
temperature and concentration of five scale inhibitors on cal-
cium carbonate (CaCO3) precipitation from hard water.

In the present study, the actual operational conditions of
subsea pipelines were simulated in the laboratory, and the ef-
fects of factors such as the partial pressure of CO2 (PCO2), velocity
of the corrosion medium, temperature, corrosion time, and the
corrosion inhibitor on the corrosion rate were analyzed under
simulated operational conditions. The results of the present
study provide a reference for the safe operation of subsea
pipelines.

2. Experimental methods

According to the actual operational parameters of subsea
pipelines, the corrosion environment of an internal subsea
pipelinewas simulated in the laboratory. The PCO2, velocity of the
corrosion medium, temperature, corrosion time and the corro-
sion inhibitor were selected as variables.

2.1. Experimental materials and equipment

The failed section of a subsea pipeline that had been recov-
ered from the sea was used as the experimental material. The
failed pipeline section was made from X65 pipeline steel, which
had the following chemical composition: C � 0.26, Si 0.23,
Mn � 1.45, P � 0.03, S � 0.03, V þ Nb þ Ti � 0.15, Cr � 0.5,
Ni � 0.5, Mo � 0.15, Cu � 0.5, and Fe (balance). The main
corrosion inhibitors used in the experiment were HYH-151B and
C and TS-719B. The medium used in the experiment was the
produced liquid from the subsea pipeline. Table 1 lists the
composition of the medium.

2.2. Experimental process and steps

The laboratory corrosion simulation was conducted in a dy-
namic, high-temperature autoclave, which is similar to the actual
field environment. The experimental steps were as follows:

(1) The experimental material was machined into specimens
with the same shape, which is shown in Fig. 1. The
experimental surface of each specimen was polished with
800# abrasive paper. Afterwards, each specimen was
degreased and dried with anhydrous ethanol.

(2) After cleaning, each specimen was weighed on an elec-
tronic analytical balance with a precision of 0.1 mg. Sub-
sequently, the non-experimental surfaces of each
specimen were sealed with 704 silica gel. Then, each
specimen was fixed on an experimental fixture, and the
superfluous silica gel on the experimental surface was
removed with anhydrous ethanol. Each specimen was
then placed in a desiccator until the silica gel solidified.

(3) The experimental solution was placed in a deaerator for
24 h to remove the oxygen content with high-purity N2.

(4) Each specimen was secured on a fixture, which was fixed
on a rotary rod inside of the high-temperature autoclave.
The solution was then poured into the autoclave. After
sealing the autoclave, CO2 was pumped into the autoclave.
The pressure of CO2 was adjusted when the preset tem-
perature was reached inside of the autoclave. The speci-
mens were rotated at the required speed. During the
experimental process, CO2 was continuously pumped into
the autoclave, and the PCO2 was maintained. Each group of
specimens was removed from the autoclave after the
specimens were corroded for 7 d and 30 d. Each specimen
was then rinsed with water, degreased with anhydrous
ethanol, and dried in cold air. Afterwards, the macroscopic
surface morphology of the corrosion product of each
specimen was photographed. The corrosion product film
on each specimen was removed with acid washing, and
then the specimen was rinsed and weighed. The mean
corrosion rate was calculated using the weight loss
method. The macroscopic corrosion morphology of each
specimen, whose corrosion product was removed, was
photographed after the specimen was dried in cold air.

3. Experimental results and analysis

3.1. Effect of PCO2 on the corrosion rate

Figs. 2 and 3 show the external morphologies and corrosion
rates of the internal subsea pipeline (X65 steel) that was
corroded under different PCO2 values for 30 d, respectively
(experimental conditions: temperature, 75 �C; velocity of the
corrosion medium, 1.5 m/s; corrosion medium, produced liquid
from the recovered pipeline). It can be observed that severe
localized corrosion occurred on the surfaces of the specimens
under long (30 d) experimental conditions. When other condi-
tions remained the same, the corrosion rate increased when the
PCO2 increased from 0.3 MPa to 0.5 MPa, which occurred because

Table 1
Composition of the aqueous medium.

Composition NaCl CaCl2 MgCl2 NaHCO3

Concentration (g/L) 32.378 1.721 0.431 2.849
Fig. 1. Material specimen.
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