metals

Article

Effect of Temperature on Corrosion Behavior and Mechanism of
S$135 and G105 Steels in CO,/H,S Coexisting System

Kechao Gao 1, Suogui Shang !, Zhi Zhang 2, Qiangyong Gao !, Jinxin Ma ! and Wanying Liu 3*

check for
updates

Citation: Gao, K.; Shang, S.;

Zhang, Z.; Gao, Q.; Ma, J.; Liu, W.
Effect of Temperature on Corrosion
Behavior and Mechanism of S135 and
G105 Steels in CO, /H;S Coexisting
System. Metals 2022, 12, 1848.
https://doi.org/10.3390/met12111848

Academic Editor: Wislei Riuper

Osorio

Received: 6 September 2022
Accepted: 25 October 2022
Published: 29 October 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 Exploration Department, Tianjin Branch of CNOOC (China), Limited, Tianjin 300459, China

State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University,
Chengdu 610500, China

School of New Energy and Materials, Southwest Petroleum University, Chengdu 610500, China

*  Correspondence: liuwanyingxx@163.com; Tel.: +86-028-83037431

Abstract: The corrosive environment of oilfield condensate water was simulated at different tempera-
tures with CO, /Hj,S. Weight-loss corrosion tests were conducted on S135 and G105 steels at different
temperatures. The corrosion rates of the S135 and G105 were measured at room temperature, 100 °C
and 180 °C. The phase structure of the corrosion products and the corrosion morphologies of the
samples were characterized. The results show that the corrosion rates of the S135 and G105 increased
at first and then decreased with the increase in temperature. The corrosion rates peaked at 100 °C,
reaching 0.8463 mm/y and 0.8500 mm/y, respectively. CO, was the main controlling factor in the
corrosion. The corrosion products were FeS and FeCOj3. The corrosion rate at room temperature
was lower than that at 100 °C. The corrosion rate at the temperature of 180 °C was the lowest. The
corrosion rates of the 5135 and G105 were 0.2291 mm/y and 0.2309 mm/y, respectively. CO, was
not the main controlling factor in the corrosion. The corrosion product was FeS. High temperatures
aggravated the carbon-steel corrosion further in the environment with the high concentration of
CO; and a loose corrosion-product film formed. The dense and uniform FeS corrosives formed and
attached to the surface of the substrate, and inhibited corrosion. Dense and uniform FeS products
formed on the surface of the steel with the increase in temperature. A small amount of H,S inhibited
the progress of the corrosion.

Keywords: temperature; 5135; G105; CO, /H,S; formation water; corrosion

1. Introduction

In the process of oil and gas exploration and development, tubing, casing and drill-
string materials often face the corrosion problems of CO, and H;S, especially for the middle-
and deep-reservoir fluids in Bohai QOilfield (China), which generally contain CO,, H,S and
other corrosive gases. This increases the wellbore risk and well-control risk, creating higher
corrosion-resistance requirements for downhole tools. With the continuous expansion of
deep exploration and natural-gas exploration in Bohai Qilfield, increasing numbers of wells
containing CO; or/and H;S and various corrosive gases have been discovered, resulting in
significant hidden dangers to the wellbore stability and safety belts with high temperatures,
high pressure and highly corrosive gas conditions during the test. Based on the short test
time, ordinary high-strength carbon steels, such as 5135 and G105, often used in the test
stage. These materials still suffer from severe corrosion at high concentrations of CO,/H;,S
corrosive gas and in high-temperature underground environments. The temperature of
each section of the wellbore is different and the corrosion of the pipe strings at different
temperatures is unstable. CO; easily causes pitting corrosion in pipe-string materials [1-3]
and H,S leads to a faster dissolution of iron [4]. CO, and H,S cause huge economic losses
through the corrosion of tubing and casing-string materials and the development of the oil
and gas field [5,6].
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The corrosion degree due to the coexistence of CO, and H,S mainly depends on the
corrosion products, such as iron carbonate and ferrous sulfide, formed on the surface of
the metal. The dense ferrous-sulfide corrosion product has resistance to the penetration of
electrochemically active substances during the corrosion process. The role of iron sulfide is
mainly in the corrosion-reaction products of H,S and the metal-matrix material. In systems
with high concentrations of CO, content, a small amount of H,S in the environment
can inhibit the CO; corrosion of steel materials, which has also been reported in the
literature [7-9]. Zhao et al. [10] pointed out that the precipitation rate of iron-carbonate and
iron-sulfide corrosion products or the formation of anti-corrosion layers are affected by
various environmental factors, including the concentration of CO, and H;S in the medium
and the ambient temperature. The protection and adhesion of the corrosion products
formed on the surfaces of carbon steel determine the corrosion rate of the matrix [11-13].

Several reports have been presented on corrosion and the corrosive behavior charac-
teristics of metal materials under CO, and H,S [14-16]. E~skinja et al. [17] only studied the
effects of temperature and exposure time on the corrosion behavior of a ferritic steel in sin-
gle CO, environment. Moreover, long immersion tests and electrochemical measurements
were performed to study the effect of time and temperature on the CO, corrosion of the fer-
ritic steel. This cannot be used to simulate the actual corrosive environment. Although the
corrosion of carbon steel in environments in which two corrosive gases CO,/Hj;S coexist is
also reported, the research is relatively shallow. A systematic and complete theoretical sys-
tem has not been formed. Therefore, based on the CO, /H;S corrosive environment in a well
in Bohai Oilfield, the corrosion behaviors and laws of different well-section temperatures
on common test string materials, such as S135 and G105 steel, are systematically studied
in this work. The effect of temperature on the corrosion characteristics and mechanism is
explored in depth. This provides a theoretical basis for the selection and design of oilfield
test strings.

2. Experimental Methods
2.1. Samples

5135 and G105 steels were used as the testing samples, which were cut from high-
strength finished drill pipe provided by Bohai Qilfield (Tianjin, China). The chemical
compositions of the samples provided by the manufacturer of the pipes are shown in
Table 1. According to the ASTM standards, all specimens were machined to a size of
(B0 £1) mm x (10 £ 0.5) mm x (3 £ 0.2) mm and 4 parallel samples in each group were
prepared for each material. The size of the corrosion coupon is shown in Figure 1a and the
macroscopic appearance of the corrosion coupon is shown in Figure 1b. Here, Figure 1b
only presents the macroscopic appearance of the test specimens S135. The samples were
polished to 2000 mesh with sandpaper and then washed with deionized water, degreased
with acetone, rinsed with absolute ethanol, dried with cold air and placed in the drying
box for use.

(3) 10 2
$3

— unit: mm

Figure 1. Specimens for the corrosion experiment: (a) sample processing size; (b) specimen macro-
scopic image and the sample number on the test specimens with number.



Metals 2022, 12, 1848 30f12
Table 1. Chemical compositions of S135 and G105 steels (wt.%).
Elements C Si Mn P S Cr Mo Ni Cu Ti Nb \'% Al Fe
5135 028 0.28 0.89 0.008 0.001 1.02 044 0.06 0.11 0.01 <0.01 0.005 0.025 Balance
G105 028 022 112 0.01 0.004 087 0.18 0.03 0.03 001 <0.01 0.005 <0.015 Balance

2.2. Methods

The self-developed high-temperature and high-pressure (HTHP) autoclave used in
the weight-loss test is shown in Figure 2. The maximum test pressure of the HTHP
autoclave equipment was 70 £ 2 MPa, the maximum temperature was 350 £ 5 °C and the
volume of the HTHP autoclave was 8 £ 0.5 L. The experimental solution was the formation
water from a domestic oilfield, and its composition was 2.01 g/L Na,CO3, 0.39 g/L NaCl,
2.23 g/L NapSOy, 24.65 g/L NaHCO;3, 3.20 g/L CaCly, 3.96 g/L MgCl, and 32.27 g/L KCL
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Figure 2. Schematic of the HTHP autoclave.

The test-piece rack with the hung sample was placed in the autoclave after adding the
prepared simulated-formation aqueous solution into the HTHP autoclave. Firstly, it was
deoxygenated with nitrogen for 2 h, after which CO, and H,S gas were introduced. The
pressure was added to the set pressure value with nitrogen after the temperature reached the
set value. When the experiment time was up, the test samples were taken out and classified.
One sample of each steel was used for the phase-structure analysis and morphology
observation of the corrosion products. The corrosion products on the surfaces of the
three remaining samples were removed by the solution prepared with deionized water
(100 £ 0.5 mL), hydrochloric acid (10 £ 0.1 mL) and hexamethylenetetramine (5 £ 0.01 g)
and then rinsed with deionized water and acetone. The cleaned samples were blown by
cold air for 10 min and placed in a drying oven at 60 °C for 1 h. After they were fully dried,
the samples were taken out for weighing and the corrosion rate was calculated. The surface
macroscopic appearance of the samples was photographed.

The mass of samples was weighed in an electronic balance with a precision of 0.1 mg
at the pre-test and post-test, after which the weight value was recorded. According to the
NACE RP0775-2005 standard, the corrosion rate was calculated as in Equation (1) [18,19].

8.76 x 10%-Am
vV=E —————

Stp M

where: v is the corrosion rate per year (mm/y); Am is the weight loss (g); p is the material
density (g/cm?®); A is the total exposure surface area (cm?); and At is the total exposure
time (h).

The specific testing schemes of the HTHP corrosion test are shown in Table 2. The
phase composition of the corrosion products on the surface of the samples was investigated
using a Siemens diffractometer (Siemens, Munich, Germany) operating at 45 kV and 40 mA
with Cu K« radiation (wavelength A = 0.15406 nm). The 20 ranged from 10° to 90°, using
a scan rate of 0.01°/min. A scanning electron microscope (ZEISS EVO MA15, Carl Zeiss,



Metals 2022, 12, 1848

40f12

Oberkochen, Germany) with an energy-dispersive X-ray system (EDX, Oxford, London, UK)
was used to analyze the surface microscopic topography of the corrosion products and the
sample surface after the corrosion products were removed and the elemental compositions
were also tested. Before the characterization of morphology, gold was sputtered on the
surfaces of the samples, so as to prevent the specimens from charging.

Table 2. Experimental schemes of HTHP corrosion experiment.

CO,/(MPa) H,S/(MPa) Solution Phase State Time/(h) Temperature/(°C)
Formation Simulated Room temperature
20 0.1 72 100
water (1L) condensate 180

3. Results and Discussion
3.1. Weight-Loss Corrosion Rate

According to the experimental design in Table 2, the HTHP autoclave was used to
carry out the corrosion test. The corrosion rate of the S135 and G105 steels is shown in
Figure 3. It can be seen from Figure 3 that the corrosion rates of the S135 and G105 steels
at room temperature and 100 °C were much larger than the minimum value of severe
corrosion in NACE RP0775, which is 0.254 mm/y. When the temperature was 180 °C, the
corrosion rates of the two steel-drill-pipe materials was between 0.126 and 0.254 mm/y,
suggesting serious corrosion. At room temperature, the corrosion rate of the S135 steel
was higher than that of the G105, but with the increase in the temperature, the corrosion
of the G105 steel was slightly faster than that of the 5135 steel at 100 °C and 180 °C. The
maximum corrosion rate of the two steels was 100 °C, indicating that the most serious
corrosion occurred at this temperature, followed by room temperature.

1.0
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0.8
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Figure 3. Corrosion rates of S135 and G105 drilling-pipe materials under different temperatures.

3.2. Composition of Corrosion Products

In order to analyze the corrosion products formed on the surfaces of the samples in
the simulated well environment, the XRD spectra of the corrosion scales of the 5135 and
G105 steels were detected, as shown in Figure 4. From Figure 4, it can be seen that the
characteristic diffraction peak of the corrosion products formed on the surfaces of the S135
and G105 steels at room temperature was completely consistent with the standard atlas
of FeS (JCPDS 76-0960). Therefore, the corrosion products were mainly FeS. Based on the
standard atlas of FeCO3 (JCPDS 83-1764) and FeS (JCPDS 76-0960), the corrosion products
were FeCOj3 and FeS when the temperature rose to 100 °C. However, the corrosion products
were only FeS after the temperature continued to rise to 180 °C. Combined with the results
of the corrosion rates, it can be seen that severe corrosion occurred at the temperature of
100 °C and that the formed corrosion products were FeCOj3, FeS and FeCOs. FeCO3 was
formed by the reaction of COj; in the environment with the base metal, indicating that
the main controlling factor in carbon-steel corrosion is temperature. As the temperature
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rose to 180 °C, the corrosion products were mainly FeS and the matrix Fe, according to the
standard atlas of Fe (JCPDS 33-0397), indicating that the main controlling factor in material
corrosion is H,S at this temperature.
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Figure 4. XRD spectrum of corrosion products of two test string materials under different tempera-
tures: (a) room temperature; (b) 100 °C; (c) 180 °C.

3.3. Surface-Morphology Observation

Table 3 shows the macroscopic surface morphologies of the S135 and G105 samples
after corrosion at different temperatures. The corrosion products formed on the coupons
were uneven and peeled off at room temperature and 100 °C. After the corrosion products
were removed, some pits appeared on the coupons, as shown by the red arrows in Table 3.
The samples were corroded at the temperature of 180 °C; the corrosion products formed
on the coupons were relatively flat. After removing the corrosion products, there was no
pitting pit. Figure 5 presents SEM images of the corrosion products of the 5135 and G105 at
different temperatures. In Figure 5, it can be seen that the corrosion products formed on the
surfaces of the 5135 and G105 at room temperature and that the granular corrosion deposits
combined on the surfaces. The corrosion products were seriously cracked, as shown by
the red arrow in Figure 5. The corrosion products formed at 100 °C also cracked seriously
and some of the corrosion products experienced significant cracking and fell off. The
loose corrosion products fell off and obvious cracks formed on the surface of the substrate.
This was due to the hydrogen-induced cracking and sulfide-corrosion cracking caused
by the hydrogen sulfide’s intrusion without the protection of dense-corrosion-product
film [11]. The corrosion products formed at 180 °C were relatively flat and dense and
arranged in a wheat-spike-like form; no obvious holes and cracks appeared. The corrosion
products generated at room temperature and 180 °C were mainly FeS. It is well known
that FeS is a dense corrosion product and it had a certain corrosion-inhibition effect on
the substrate [20,21]. The corrosion products generated at 100 °C were mainly FeCO3 and
FeS and the amount of FeCO3; with loose porous corrosion product was greater. FeCOs3
is a loose and porous corrosion product [22,23]; therefore, the substrate material at this
temperature was more susceptible to corrosion. Figure 6 presents SEM cross-section images
of the corrosion products of the S135 and G105 at different temperatures. From Figure 6, it
can be clearly observed that corrosion with many cracks took place at room temperature
and 100 °C, especially at 100 °C. Because the corrosion product cracked and fell off at
100 °C, it was observed that the thicknesses of the products at 100 °C were 9.75 £ 0.19 um
for the S135 and 11.3 & 0.22 pm for the G105, respectively. These were thinner than those
of the 5135 (21.5 & 0.27 um) and G105 (22.8 £ 0.32 pm) at room temperature. The obvious
cracks provided channels for HyS, CO, and ClI from the environment to enter the matrix.
Therefore, severe corrosion occurred at this temperature. However, the corrosion products
produced at 100 °C were dense and uniform and no obvious cracks were found, which had
a good anti-corrosion effect on the matrix material.
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Table 3. Optical photographs of S135 and G105 materials after corrosion at room temperature, 100 °C
and 180 °C, respectively.

S Room Temperature 100 °C 180 °C
tate
S135 G105 S135 G105 S135 G105
Removal
Corrosion
Removal
Corrosion

Figure 5. Cont.
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Figure 5. SEM images of corrosion products on the surfaces of S135 and G105 samples at different
temperatures: (a) S135, room temperature; (b) G105, room temperature; (c) S135, 100 °C; (d) G105,
100 °C; (e) S135, 180 °C; (f) G105, 180 °C.

Figure 6. SEM cross-section images of corrosion products of S135 and G105 samples at different
temperatures: (a) S135, room temperature; (b) G105, room temperature; (c) S135, 100 °C; (d) G105,
100 °C; (e) S135, 180 °C; (f) G105, 180 °C.
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It can be clearly seen from Table 4 that the elements contained in the corrosion products
formed on the surfaces of the 5135 and G105 steels under the three temperature conditions
were mainly C, S, Fe and O. The contents of C and O in the corrosion products at 100 °C
were significantly higher than those of the corrosion products at room temperature and
180 °C. A small amount of Cl element was also detected in the corrosion products at
100 °C, in the form of chloride ion, forming occluded battery corrosion and intensifying
the corrosion process of the substrate [24]. This indicates that the main corrosion product
formed at 100 °C was FeCOj3, which is consistent with the XRD-analysis results. At this
temperature, the Cl from the formation water aggravated the progress of the CO, corrosion.
Yue et al. [25] found that a loose, porous and poorly protective FeCO3 film formed on the
surface of the metal substrate in the CO, system. When the corrosion system contained
H,S, a uniform and dense FeS film formed, significantly reducing the corrosion rate of the
steel matrix. It is obvious from the microscopic topography of the sample after removing
the corrosion products in Figure 7 that many corrosion pits were distributed on the surface
of the coupon after removing the corrosion products; in particular, the number of corrosion
pits peaked on the coupon surface at 100 °C. The dense corrosion pits connected to each
other to form large flake-ulcer-like corrosion and developed into large corrosion pits. At
100 °C, large corrosion pits formed on the surfaces of the coupons. The corrosion pits at
room temperature were smaller than those formed at 100 °C. The number of corrosion pits
on the surface of the sample corroded at 180 °C was the lowest, which was consistent with
the calculated corrosion rate. Moreover, it was consistent with Wu et al. [26]'s finding that
in environments containing only CO,, the corrosion rate of carbon steel increases with the
increase in temperature, but in the presence of H,S, the corrosion rate decreases with the
increase in temperature.

Figure 7. Cont.
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Figure 7. SEM images of 5135 and G105 (after removing the corrosion products) at different tempera-
tures: (a) S135, room temperature; (b) G105, room temperature; (c) S135, 100 °C; (d) G105, 100 °C;
(e) S135, 180 °C; (f) G105, 100 °C.

Table 4. Elemental composition of corrosion products according to energy spectra of S135 and G105
at room temperature (wt.%).

Elements C o Si S Ca cl Cr Fe Au  Total

Contents
Room S135 1055 607 029 1458 016 ; 099 4911 1825  100.00
Temperature G105 1223 885 009 1430 ; ; 138 5079 1236  100.00
] s135 1539 852 007 1684 015 159 ) 4479 1265  100.00
100°C G105 1446 1215 013 824 071 125 ; 4552 1754 100.00
) S135 764 579 008 2171 017 - 034 5087 1340  100.00
180°C G105 1248 739 020 2198 195 : 043 4267 1290  100.00

3.4. Corrosion Behavior and Mechanism

Under the coexistence of CO, and H,S, the corrosion state of materials depends on
the ratio of CO,/H;S. The presence of a small amount of H,S has a certain inhibitory effect
on CO;, corrosion [27]. According to the research results reported by Schmitt [28] and
Guenter [29], the corrosion state of materials mainly depends on the ambient temperature
in the coexistence of CO, and trace H,S. Zhao et al. [30] found that at room temperature,
H,S is more likely to react with metal materials to form corrosion products of FeS than
in CO, environments. Since FeS has self-healing ability, it can repair pitting corrosion,
and the protection it offers the metal matrix contributes to the electric-field-force-induced
ion migration. The strong chemical affinity of S to Fe promotes the rapid formation of
dense FeS film on the surface of high-strength carbon steel in environments with HyS/CO,.
Yin et al. [21] proposed that the corrosion rates, corrosion kinetics and corrosion products
of the metal matrix were greatly altered in an environment with CO, and H,S. Corrosive
media such as HS™ and Cl~ rapidly penetrate to the matrix and react with it at low
temperatures. Moreover, the penetration rate increases with the increase in temperature,
which activates and accelerates the medium activity in view of the thermodynamics and
kinetics. Beyond the temperature, protective film forms and effectively inhibits the diffusion
transformation of the corrosion medium between the bulk solution and the substrate surface.
This reduces the corrosion rate.

According to the results of the weight-loss corrosion test, the S135 and G105 steels
were severely corroded at room temperature and 100 °C. They displayed relatively weak
corrosion at 180 °C and the corrosion was the most significant at 100 °C. Combining the cor-
rosion rates of the S135 and G105 steels under the H,S/CO, coexistence environments with
different concentrations and the corrosion-product films generated under corresponding
conditions, a corrosion-mechanism-model diagram of 5135 and G105 steels under H,S/CO,
conditions is proposed in Figure 8. Temperature affects the formation of an adsorbed water
film on the metal surface, which further affects the dissolution of the formed corrosion
products, such as FeCOs.
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Figure 8. Corrosion models of carbon-steel materials in the environment with H»S and CO, under
different temperatures: (a) nucleation and growth of corrosion product film, (b) initial stage of product
membrane damage, (c) severe damage of product membrane, (d) product membrane repair stage.

H5S promotes the adsorption of HyO molecules on the steel surface, after which it forms
a condensed water film on the surface of the carbon-steel material. The dissolution and dis-
sociation of H;S in the water film produces §2~,HS™ and H", resulting in matrix corrosion.
The corrosion process can be represented by the following electrochemical reactions.

From Figure 8, it can be seen that the metal matrix dissolves at room temperature
and that a FeS-corrosion-product film forms through the reaction of Fe2* with $2~, which
attaches to the surface of the matrix. FeCOs-corrosion products are generated through the
gas-phase chemical reaction between CO,, H,O and the matrix Fe.

Under the room-temperature condition, since HyS was the main corrosion control
factor, it was easier to corrode the metal material to form FeS compared to CO,, while
the formed corrosion product, FeCO3, was reduced (as shown in Figure 8b). Therefore,
the main substance, according to the XRD analysis results, was FeS species; FeCO3 was
not detected.

With the continuous increase in the temperature in the solution environment, when
the temperature rose to 100 °C, the nucleation rate of the corrosive crystals generated by
the reaction was greater than the growth rate of the film (shown in Figure 8c). At this point,
the CO, in the condensate phase dissolved and dissociated into CO52~, which reacted with
the Fe?* to generate FeCO3. Simultaneously, the gas-chemical reaction of H,S occurred
on the surface of the carbon steel to form FeS corrosive substances, which adhered to the
surface of the substrate without the formation of a condensed-water film.

The corrosive FeCOj crystals dissolved as the ambient temperature increased. The
iron-carbonate film was loose and bonded poorly to the substrate. Therefore, some FeCOj3
corrosives cracked and fell off and the steel substrate was exposed to the solution environ-
ment, which encouraged corrosion, as shown in Figure 5. When the temperature in the
solution environment continued to rise and it rose to 180 °C, Fe preferentially interacted
with HjS to form FeS, which acted as a protective barrier to inhibit the infiltration of CO,
and H;O molecules, preventing the corrosion of the matrix material. Therefore, under
this temperature condition, the corrosion rates of the S135 and G105 were 0.2291 mm/y
and 0.2309 mm /Yy, respectively. These were lower than those of the 5135 (0.5166 mm/y)
and G105 (0.3510 mm/y) at room temperature and the S135 (0.8463 mm/y) and G105
(0.8500 mm/y) at 100 °C. Li et al. [31] found that when the temperature was higher than
150 °C, H,S played a dominant role in the corrosion process. A dense FeS layer formed.
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Once the iron-sulfide layer completely covered the steel surface, the corrosion rate was con-
trolled through the slow diffusion of the ionic (Fe?>* and 5?~) Fe,Sy layer and its chemical
dissolution in the environment media with H,S and CO,.

4. Conclusions

(1) The average corrosion rates of the S135 and G105 steels first increased and then
decreased with the increase in temperature in the simulated-formation condensate-
water environment containing corrosive CO, and HjS gases. At 100 °C, the corrosion
rates of the two steels peaked and the corrosion was at its most significant. Relatively
low corrosion occurred at room temperature. At 180 °C, the corrosion rates of the
two steels were at their lowest and the corrosion was the slightest.

(2) In the CO, corrosion environment with a small amount of H,S, the small amount
of H;S inhibited the CO, corrosion of the substrate steel at room temperature and
180 °C. The main corrosion product formed at these temperatures was denser FeS. At
100 °C, CO, was the main controlling factor in the material corrosion. The corrosion
products generated on the surface were mainly loose and cracked FeCOj corrosion
products, and many corrosion products fell off.

(3) Atroom temperature, the corrosion rate of the 5135 steel was much higher than that
of the G105 steel. The corrosion rates of the two steels were similar with the increase
in temperature. In the mixed environment of high CO, content and low H;S content,
the temperature played an important role in regulating the corrosion mechanism of
the steel material. CO, was dissociated into CO32~ when the temperature increased
to 100 °C. The adsorption of anions reduced and looser corrosion products of FeCOs
formed. The CO, aggravated the corrosion degree significantly.
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