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ABSTRACT 

The integrity of drilling and casing pipes under high-pressure and temperature conditions is a vital issue for oil or 

gas wells through the lifecycle of a well. Corrosion is a major challenge in the oil and gas industry in particular 

under high pressure and high-temperature conditions, it adds extra costs for maintenance of the drilling and 

production facilities, safety, and environmental damages. In this study, the effective corrosion parameters of AISI 

1020 and AISI 1080 carbon steel in water-based mud under flowing conditions were examined. A new apparatus 

was designed and manufactured to allow the investigation of corrosion in AISI 1020 and AISI 1080 carbon steel. 

The Experiments were conducted in a reservoir-like environment over a wide range of parameters including 

temperature, pressure and chemistry of the drilling mud under dynamic conditions. The results showed that the 

increase in temperature, pressure and rotational speed significantly increases the corrosion rate for both types of 

pipes. The findings also depicted that AISI 1020 carbon steel has higher corrosion rates compared to AISI 1080 

carbon steel. In addition, the developed apparatus can be used to simulate other complicated conditions in an 

environment similar to field experience and to improve the quality of the experimental data. 
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INTRODUCTION 

Petroleum companies around the world are developing new extraction and production techniques to increase oil 

recovery from offshore and onshore fields to match the demand growth in oil and gas [1]. This increases the 

pressure on the used equipment and raises the risk of failure and consequently the cost of their maintenance [2-

4]. The oil and gas industries have suffered catastrophic failures due to the continuous usage of facilities under 

harsh operating conditions. In the past three decades, the analysis showed that approximately half of the major 

hazards in the European oil industries were attributed to technical issues caused by degradation due to corrosion, 

erosion, and fatigue of the equipment resulting from their aging [3, 5, 6]. Every year, corrosion phenomena cost 

the oil and gas industry in the USA tens of billions of dollars in lost income and treatment costs. In 2012, the 

National Association of Corrosion Engineers (NACE) released a study on the direct costs associated with 

corrosion. The study provided that the cost of corrosion surpassed $1 trillion which is about 6.2% of the USA 

Gross Domestic Product (GDP), which represents the biggest single expense in the economy [6].  

Corrosion is found to be prevalent in all individual stages of oil and gas production processes. During the drilling 

process, corrosion could occur at the drilling strings, well case tubing, drilling equipment, and other surface 

facilities [7]. Corrosion is defined as material deterioration due to chemical or/and electrochemical reactions with 

its corrosive environment [8]. Materials naturally tend to react with other elements to return to their initial low 

energy state. Frequently, iron and steel react with oxygen and water, which are present excessively in most natural 

environments, to reach lower energy states. In the case of iron, the reaction produces iron oxide, which is referred 

to as ‘’rust’’[9]. When metallic surfaces of materials are exposed to an aqueous electrolyte and generate an anodic 

reaction (oxidation), which produces electrons in the metal, and a cathodic reaction (reduction) that consumes the 
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produced electrons from the anodic reaction [10, 11]. The cathodic and anodic reactions together produce an 

electrochemical cell.   

Corrosion involves three essential processes, which occur simultaneously: heterogeneous and homogeneous 

chemical reactions, electrochemical reactions at the surface of the material, species transportation between the 

liquid and the surface [12]. Well drilling operation includes three main systems: a rotary system that rotates the 

drill pipe and consequently the drilling bit, a hoisting system that suspends, rises, and lowers the drill string and 

casing pipe, and a circulating system that is responsible for the drilling mud movement [13]. Drilling mud or 

drilling fluid is a fluid that is circulated into the well to obtain successful, safe, and economic drilling operations.  

The main functions of the drilling fluid are: remove drill cuttings from a wellbore and keep it free of cuttings, 

provide sufficient hydrostatic pressure on the formation pore to prevent the borehole from collapsing or caving in 

and producing layers from damage, minimize friction between the drilling pipe and the well wall, and maintain 

the drilling bit clean, cool, and lubricated [14].  

In its most basic form, a drilling fluid has water, oil, and gas as a continuous phase besides some chemical agents. 

Based on their continuous phase, drilling fluids are classified into water-based mud, oil-based mud, and gas-based 

mud [15, 16]. Unlike other mud types, oil-based mud possesses a less corrosive nature. Nevertheless, due to 

environmental restrictions and economic issues, water-based drilling mud is more favored among other mud types 

in drilling processes [17-19]. In the drilling process, various dissolved acidic gases such as carbon dioxide (CO2), 

hydrogen sulphide (H2S), oxygen (O2), and other chemicals diffuse through and contaminate the drilling mud. 

Oxygen is found in the drilling mud from the air or the mud itself.  Oxygen is reduced to water at the cathode site 

as shown in equation 1, and the pipe metal acts as an anode in a corrosion cell and reacts with oxygen to produce 

iron ions. 

2𝐻+ + 1

2
𝑂2 + 2𝑒− → 𝐻2𝑂                                                                                                                                      (1) 

H2S is one of the significant components produced from oil and gas reservoirs. It is naturally generated in crude 

oil and natural gas in the reservoir by bacterial breakdown of organic materials. Also, it occurs from sulfate-

containing minerals through microbial and/or thermochemical sulfate reduction [18]. As H2S enters the drilling 

mud, it will initiate pitting corrosion and cause hydrogen degradation. Equation 2 describes the H2S reaction with 

a carbon steel pipe.  

𝐻2𝑆 + 𝐹𝑒 → 𝐹𝑒𝑆 + 𝐻2                                                                                                                                             (2) 

Fluids produced from oil and gas reservoirs usually contain CO2. Carbon dioxide dissolves in the aqueous phase 

to form carbonic acid (H2CO3) and results in an electrochemical reaction between steel and the aqueous phase [6]. 

The CO2 hydration reaction is represented by Equation 3. 

𝐶𝑂2 + 𝐻2𝑂 ↔ 𝐻2𝐶𝑂3                                                                                                                                                (3) 

In this work, the effect of operating parameters such as temperature, pressure, fluid chemistry, and rotational speed 

on the corrosion behavior of AISI 1020 and AISI 1080 carbon steel which is widely used as a material of drilling 

and casing pipes in most Iraqi oilfields was investigated. A new apparatus was designed and manufactured, which 

allows an investigation of the corrosion behavior of AISI 1020 and AISI 1080 carbon steel over a wide range of 

conditions in a reservoir-like environment. Finally, results demonstrate the ability of the newly developed rig to 

provide valuable real- corrosion information and to predict the relationship between operating parameters and 

corrosion rates in a CO2-saturated oilfield environment. 

METHODOLOGY AND EXPERIMENTAL DESIGN 

Drilling mud preparation 

Water-based drilling mud was prepared by adding 20-25 grams of sodium bentonite and 6-8 grams of barite 

(calcium carbonate as a weighing material) to 350 ml of distilled water with a salt concentration of 3%, caustic 

soda (sodium hydroxide) was added to the slurry for pH control. All components were mixed and the homogeneity 

of the mixture was achieved by using Heindolph MR 3001 K magnetic mixer at 500 rpm for 20 minutes and 
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allowed to stay for 3 hours at room temperature before the test. The water-based mud used in these tests is the 

most common drilling fluid used in the south of Iraq fields. Therefore, this mud was selected for the current 

experiment to examine the corrosion behavior of drilling and casing samples under such operating conditions. 

The chemical compositions of the drilling muds (water-based mud) used in this research are given in table 1 

below. 

Table 1. Compositions of the drilling mud used in the research. 

Component Quantity 

Distilled  water 350 ml 

Sodium bentonite 20-25 gm 

Caustic Soda 0.35-0.5 gm 

Barite 6-8 gm 

Materials  

Two corroded specimens are prepared to investigate the corrosion behavior of drill and casing pipes. The 

metallography and chemical composition of the used drill and casing pipe samples are the same as that of the 

pipes used by the Iraqi Drilling Company. 

Drill pipe sample  

The coupon tested in this test is an AISI 1020 carbon steel, the chemical composition shown in Table 2. The 

sample consisting of cylindrical coupons (1.2 cm diameter and 0.8 cm thickness) was coated on the top and bottom 

with Teflon paint to avoid any galvanic effect due to contact with the sample holder which fitted on an autoclave 

rotating shaft, leaving an exposed area of  3.015cm2, as shown in Figure 1. 

 

Figure 1. Drilling and casing pipe samples 

Casing pipe sample  

The test samples were designed as a half-circle with a radius of 36 mm of AISI 1080 carbon steel as shown in 

Figure 1, and its chemical components are presented in Table 3.  The coupon then was placed in a specially 

designed bracket. The specimens used in the test were ground by using SiC abrasive paper, ultrasonically cleaned 

in acetone solution, and dried before the other treatments 

Table 2. The chemical composition of AISI 1020 steel (drill pipe) 

Element C Mn P S Fe 

Wt % 0.17-0.23 0.3-0.6 ≤ 0.04 ≤  0.05 99.08-99.53 
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Table 3. The chemical composition of AISI 1080 steel (casing pipe) 

Element C Mn Si Ni Mo P S Al Fe 

Wt % 0.79 0.73 0.33 0.10 0.03 0,023 0.005 0.0006 balance 

Experimental Procedure 

Tests were conducted in 5-L stainless steel at high temperatures and pressures. A high-temperature stirred 

Autoclave Testing System rated at 3000 psig containing the water base drilling mud. Figure 1 shows the schematic 

design of the test. At a rate of 2°C/min, the autoclave was heated to the test temperature until the temperature 

reaches the desired temperature. The drill-pipe and casing-pipe coupons were suspended in the drilling mud at 

each specific temperature and pressure set for at least 24 hours. The autoclave then after which was cooled at a 

rate of 2°C/min to room temperature and the samples removed. At the end of each 24-hour test, the samples were 

collected and thoroughly cleaned in Clarke's solution and rinsed in deionized water, and kept in a dry and well-

sealed container immediately after collection before analysis. The Clarke's solution comprised of 1000 mL 

hydrochloric acid (HCl), 50g stannous chloride (SnCl2) with 20g antimony trioxide (Sb2O3) in line with the 

American Standard of Test and Measurements (ASTM) practice standard G1-03 [20]. Then, weight loss 

measurements were made to an accuracy of 0.01 mg by determined the difference between the weight of the 

sample before and after the test. For accuracy and to obtain reproducible data, each experiment was at least 

repeated three times. Then, the corrosion rate (mm/year) was calculated according to the following [21]:  

𝑪𝑹 =
𝒎𝒍𝒐𝒔𝒔𝟖𝟕. 𝟔

𝝆𝑭𝒆 ∗ 𝑨 ∗ 𝒕
 

Where 

𝑪𝑹 is the calculated corrosion (mm/y); 𝐦𝐥𝐨𝐬𝐬  is the mass loss of the sample (measured in grams); 𝛒𝐅𝐞 is the 

density of iron (equal to 7.85 g/cm3); 𝐀 is the surface area (in cm2) and 𝐭 represents the exposure time (in hours). 

 

Figure 1. The schematic design of the test 

 

 

Casing pipe sample 

Drilling pipe sample  

Electrode assembly  
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RESULTS AND DISCUSSION 

The corrosion rate of AISI 1020 steel and AISI 1080 steel in water base drilling mud was studied by and weight 

loss measurements. The results of the weight loss are shown in Figure 2  to Figure 5. The parameters of 

temperature, pressure, velocity and fluid chemistry are regarded as the most influential and interrelated factors 

that affect the corrosion rate.  

Temperature Effect 

Experiments were conducted at a pressure of 50 bar, the rotation speed of 60 rev/ min, the pH value of the solution 

is maintained at 9, the fluid salinity is kept constant throughout the experiments at 3%, and the temperature values 

were ranged from 20°C to 90°C. Figure 3 shows that the temperature has a significant effect on corrosion rates. 

For the AISI 1020 steel coupon, the corrosion rate is increased by nearly four times when the temperature is 

increased from 20°C to 90°C. Also, for AISI 1080 steel coupon, the corrosion rate is increased 3 times. This is 

due to the increase in temperature accelerated all the chemical reactions, thereby accelerating the diffusion rate of 

the O2 species. Therefore, corrosion rate values increased because more O2 species transport from the bulk and 

react at the surface [22-25].  

 

Figure 2. Corrosion behavior of AISI 1020 steel (drill pipe sample) and AISI 1080 steel (casing pipe sample) as 

a function of temperature. 

Pressure Effect 

To examine the effect of the pressure on the corrosion rates, the experiments were performed at a constant 

temperature of 40°C and a rotation speed of 60 rev/min. The salinity and pH of the solution remain 3% and 9 

respectively, and the pressure was ranged from 20 to 200 bar.  Figure 3 shows the pressure effect on corrosion 

rates  for the AISI 1020 and AISI 1080 steel. For both types of the examined steel, when the pressure increased 

from 20 to 100 bar, the corrosion rates remain fairly stable, with further increases in pressure up to 200 bar the 

corrosion rates increased steadily. As pressure increases, more CO2 and O2 dissolve in water accelerating the 

chemical reaction. Also, from Figures 3 and 4, it can be seen that an increase in the pressure has less effect on the 

corrosion rate compared with the temperature effect. 
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Figure 3. Corrosion behavior of AISI 1020 steel (drill pipe sample) and AISI 1080 steel (casing pipe sample) as 

a function of pressure 

Rotational speed Effect 

The corrosion rates of AISI 1020 steel (drill pipe sample) and AISI 1080 steel (casing tubing sample) were 

investigated in a range of rotational velocity from 60 to 600 rpm/ min and at a constant temperature, pressure, 

salinity, and pH of 25°C, 100 bar, 9, and  3 % respectively. Figure 4 shows the relation between velocity and 

corrosion rates obtained throughout this research. For both types of steel, the corrosion rates increased gradually 

with an increase in the rotational velocity. The flow can accelerate the corrosion rate in two ways; the first one is 

by increasing the mass transport rate and removing protective corrosion product layers. Secondly, an increase in 

the rotational velocity can promote the turbulence level of drilling mud flow causing an efficient mixing, this, in 

turn, leads to an increased oxygen species transportation and corrosion rates [26-28]. Also, results reveal that the 

corrosion rate is approximately increased by 3.5 times when the rotational speed increased to 600 rpm. At a 

relatively high fluid velocity, particles can increase the metal erosion process which in turn can enhance the 

corrosion rate [29-31].  

The outcome of the current corrosion test showed that the influence of the flow velocity dominates the other 

parameters, where the corrosion rate of the drilling and casing samples showed relatively similar corrosion 

behavior under a wide range of temperatures, pH levels, and pressure that used in this experiment. However, the 

corrosion behavior of the drilling pipe sample showed a different corrosion rate at a higher flow velocity than the 

casing pipe sample at the same velocity as shown in Figure 5. This observation can be attributed to the effect of 

the turbulent level at the interface between the drilling sample surface and the fluid, where it's expected to be 

much higher than the turbulent level at the interface between the casing sample and the fluid, due to the stationary 

status of the casing sample in comparison to rotating status of the drilling sample. High flow turbulence increases 

the mass transfer of both corrosion species and the solid particles present in the fluid during the drilling operation, 

which increases both the protective film removal due to erosion and the chemical dissolution of the films and 

corrosion due to high mass transfer of the corrosive species to/from the steel surface. Moreover, the material 

composition of the casing contains both Si and Mo in small quantities, where Si is known for its positive effect 

on the stability of the protective layer on the carbon steel surface and the effect of Mo on the corrosion resistance 

on the steel. 
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Figure 4. Corrosion behavior of AISI 1020 steel (drill pipe sample) and AISI 1080 steel (casing pipe sample) as 

a function of rotation speed. 

The Fluid Chemistry Effect 

The chemical composition of a drilling mud has a vital role in the corrosion process as the liquid phase serves as 

an electrolytic path as well as influences the pH solution and the formation of films through dissolved species [12, 

27]. Solution pH indicates the free hydrogen ions concentration involved in the cathodic reactions, and can be 

determined by using the following equation: 

pH = −log[H+] 

The lower the solution pH, the more corrosive the solution is and vice versa [32, 33]. In this study, caustic soda 

(sodium hydroxide) was used to increase and control the solution pH, the pH was ranged from 6 to 11. Figure 5 

shows the corrosion rates of the drill and casing pipe at the different levels of the solution pH at a salt concentration 

of 3.5%. From the drill pipe curve, it can be seen that the corrosion rates are reduced by a small extent when the 

pH level increased from 6 to 8. When the pH level was raised from 8 to 11, an appreciable reduction in the 

corrosion rates was observed. Regarding the casing tube result, there is a notable decrease in the corrosion rate 

values when the pH solution increased from 6 to 11. The inconsistency in the corrosion rate behavior of the 

samples may be related to the difference in the nature and composition of the sample's material. 

 

Figure 5. Corrosion behavior of AISI 1020 steel (drill pipe sample) and AISI 1080 steel (casing pipe sample) as 

a function of temperature solution pH. 
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CONCLUSIONS 

In this research, a new setup was designed and modified which allows an investigation of a casing and drilling 

pipe corrosion in oil well-like conditions. The effects of the important factors such as operating temperatures, 

pressure, drilling fluid velocity, and mud chemistry on pipe corrosion were evaluated experimentally. The result 

showed that: 

• Drill pipe corrosion rates behavior showed similar corrosion behavior as that of casing pipe. The 

corrosion rate of both types of tested samples increases with an increase in the temperature, pressure and 

rotational speed. 

• Higher corrosion rates were seen in AISI 1020 carbon steel compared to AISI 1080 carbon steel in all 

test conditions. 

• The outcome of the current corrosion test showed that the influence of the flow velocity on the corrosion 

rate dominates the other parameters. 

• The difference in the chemical composition of the drilling and casing samples affects the corrosion rate 

due to the forming of a protective layer on the carbon steel surface. 

• No significant reduction in the corrosion rate values of AISI 1020 steel (drilling pipe sample) when the 

pH level of drilling mud ranged between 6 and 8, however, a notable decreased in the corrosion rates 

when the pH raised from 8 to11.  

• The corrosion rates of AISI 1080 steel were decreased dramatically as the pH of the mud increased from 

6 to 11.  
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